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Abstract 

This study identifies the relative profitability and 
risk, at the farm level, of different cropping programs in 
thes Darky) Brown ©soil) zone, of Alberta. The problem. was to 
determine whether it is technologically and economically 
feasible EO reduce summerfallow acreages and thereby 
increase net farm incomes. and Alberta's adricultural 
Production. 

The general objectives of the study were to examine the 
economic consequences at the farm level of increasing or 
decreasing summerfallow acreages and to identify the main 
factors affecting the farm operator's decisions on cropping 
program selection. 

Data for the study was collected from three sources. 
Historical yield data was obtained from the Alberta Hail and 
Crop Insurance Corporation. This was supplemented with soil 
data obtained from the Soil Survey Branch of Agriculture 
Canada. A farm survey was also done to obtain production 
coetficients’ for diiierent cropping! programs. 

The study employs Simulation methodology and identifies 
twelve strategies for evaluation. The Strategies are 
evaluated on the basis of mean-sStandard deviation efficiency 
eriveria arising from.expected utility theory ‘and concepts 
of stochastic dominance. 

Results of the crop yield analysis indicate that there 
are yield differences between agro-climatic zones, CLI 


classes and subclasses and this could be an important 
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consideration in the selection of cropping programs at the 
farm level in the Dark Brown soil zone. The analysis also 
suggested that stubble crop yields in the study area were 
relatively | highwand iancreasing™, in relation to fallow crop 
yields. The farm survey revealed that weed control, moisture 
conservation and income stability are the primary reasons 
why farmers in the study area choose to summerfallow. 
Results of the case farm Simulation indicate that, although 
continuous cropping is associated with higher payoffs, it is 
also more risky than less intensive cropping programs. 
Higher output prices do make continuous cropping more 
attractive but again it does not dominate other less 
intenSive cropping programs because it is riskier. 

Thus, farmers in the Dark Brown soil zone are likely to 
Significantly reduce summerfallow acreages, only in 
Situations where either high grain prices prevail, or where 
new technology such as snow management techniques, improved 
herbicides etc. improve the stubble - fallow yield ratio. 
Such a reduction however, could result in significant crop 


production increases at the Census Division Level. 
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I. INTRODUCTION 

Canada's position im the world as a major exporter of 
grains and oilseeds is well known(Table 1.1). The Canadian 
Wheat Board has set a grain production target of 50 million 
tonnes by 1990, with more than 36 million tonnes’ destined 
POD export. Much of the actual, production of Canadian grain 
and oilseeds takes place in the Prairie Provinces of 
Alberta, Saskatchewan and Manitoba. In recent years, there 
has been some concern from researchers and agricultural 
planners alike as to whether Canada can meet itS grain 
production and export targets in the future. 

Agricultural production may increase as a result of 
expanding the land base, better management, more extensive 
adoption of existing technology and by development of new 
technology. A recent Canada Grains Council study estimates 
that of the total increase in production necessary to reach 
the eproductiom target of SUsmil lion tonnes by |) 1990, 48.5% 
well have | to. come frome summertallow reduction, 30.2% fom 
increasing yield sand /2:1'°3% from new Land brought ante 
production. ‘(Table 1.2). These estimates were arrived at 
after extensive analyses of long term trends in yields, 
seeded area, land in production and area in  summerfallow. 
The gamount of new land that might be put into production is 
limited(Table1.3). Projected yield increases arising out of 
more extensive adoption of existing technology and new 
bechyology Such “as use “of “fertilizers, high yielding 


'G.D. Weaver et. al., Prospects for the Prairie Grain 
Industry,1990. Canada Grains Council, Nov. 1982, pp 66. 
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TABLE 1.2 


Total Potential Production Increases ('000 tonnes) to 1990 
by Source of Increase' 


Source of Manitoba Saskatchewan Alberta Total % 
Increase Increase 
New Land 257 26 Ssce he Niges 187222 Dei 
Reduced 376.6 BO Siz 8230 A277 510 48.5 
Fallow 

Improved 459.0 1224-53 OF] FT coll 2660.4 S02 
Yields 


‘increases over production levels recorded in 1981. 


Source "Prospects tor the Pravrre Grarim Industry, 19907.” 
Canada Grain Council. G.D. Weaver, M.J. Nilsson, 
RE. Turney. Nov. 1962. 
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TABLE 1.3 


Area of Land Suitable for Arable Production ('000 hectares) 


Province TotablbeArea Areasor LandeNnot. insProductiron 
Potentially sol Sree 
Arable' 

Class 2 Class 3 Class 4 Total 
Manitoba Tp ens: 19 279 Aga 4 2 o9 
Saskatchewan 20,192 0 544 also 1,660 
Alberta 20,009 0 833 es aor 8,180 
Total 47,729 19 iP axensies 10,304 i eS, 


‘Total ‘areavof Cll-classes )t7 "2, 3 and 4 dands in ‘each 
Province. 


*Estimated by subtracting area devoted to crops, tame hay, 
summerfallow and improved pasture from total CLI classes 1, 
2, 3 and 4 areas in each province. 


Sources Prospects for thesPrainmie Grain industry, 3990." 
Canada Grains Council. G.D. Weaver, M.J. Nilsson, 
Rebeerupney. Nov. 19o2: 
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TABLE 1.4 


Yield Improvements for Alberta (kg/hectare) 


Wheat Oats Barley Flaxseed Canola 
Weighted 
Provincial 2047 Papamoa 2524 VA 1164 
Yield 
(1977-1981) 
Projected 2209 2477 2949 13:36 1411 
Yield 
(1990) 
Source: "Prospects for the Prairie Grain Industry 1990." 


Canada Grains Council. G.D. Weaver, M.J. Nilsson, 
Rviveueburcneys NoOvemtos2. 
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varieties, improved machinery and chemical weed control, may 
be overly optimistic(Table 1.4). Improvement of unimproved 
land on a large scale represents an economic and 
technological challenge that may be insurmountable. Thus, 
reduction in summerfallow acreage seems to offer the most 
potential for significant production increases in the coming 
years. 

In Alberta, the Canada Grains Council projects a drop 
in summerfallow acreage of 967,000 acres by 1990, with the 
largest projected increase in production arising out of a 
reduction in summerfallow acreage, occuring in Census 


Divaston 5, located in the Dark wrownm so1l mone? (Figei al). 


A. Background To The Problem 

Summerfallow is the practice of letting land lie idle. 
It has been a widespread practice since 1890. Table 1.5 
shows the amount of land in summerfallow in Alberta since 
1911. The total area of land in summerfallow in Alberta is 
on the decline. Summerfallowing is a management practice 
that represents an early attempt by producers in semi-arid 
regions to deal with the problem of inadequate soil 
moisture. However, in recent times, its efficiency as a 
moisture conservation technique has been called into 
question by many who cite its disadvantages. Soil 


Scientists? contend that the practice of summerfallowing, 


2.A. Rennie, C.F. Bentley and others have featured 
prominently in this debate. Some of their work is reviewed 
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TABLE 1.5 


Improved Land and Summerfallow Acreage in Alberta 1911 - 
1981 ('000 acres) 


Year Improved Land Summerfallow 
1914 Lees Oo Zio) | 
1921 1768 2,918 
ose e789 4,547 
1941 20,25 6,546 
Looe Pa des RTE 67 195 
1256 237,046 705 
1964 25,209 Ter SO 
1966 Ze 6 ehyeens 
hoe 28,460 7,009 
bo76 297302 6,494 
198 1 alge (ti 8 
Source: "Factors Affecting Summerfallow Acreage in Alberta." 


Marvin Anderson & Associates Ltd. Environment 
Council of Alberta. Aug. 198i, 


regardless of the extent, is an inefficient way to conserve 
moisture, contributes to severe wind and water erosion 
coupled with nitrogen leaching and so should be discarded. 
Proponents of snow management argue that these and other 
moisture conservation techniques now available, essentially 
eliminate the need for fallow, if it is a management 
practice used to conserve soil moisture. It is generally 
agreed now that summerfallowing is a necessary part of a 
farmer's cropping program in the Brown soil zone of Alberta 
and not a necessity in the Black soil zone, if moisture is 
thevlaimirtyng factor -in* production. For the Dark Brownresoi1 
zone however, there is as yet no clear evidence on the 
potential for decreasing fallow and the effects it might 
have on production and profitability at the farm level. 
Dark Brown’solls inlAlbertay, occur wnian areal that is 
Slightly less arid than Brown soil areas, and average yearly 
precipitation of about 14 inches with wide variation from 
year to year. There are approximately 9,929,000 acres of 
Dark Brown soils in the province, and wheat and barley are 
the main crops. At the farm level, the inclusion of 
summerfallow in the cropping program has been standard 
practice for the majority of producers and the grain fallow 
rotation is the most popular cropping system. However in 
recent years, technological improvements in tillage 
machinery, chemical herbicides and moisture conservation 
techniques, have encouraged a growing number of producers 


towards less and less summerfallow. This situation has 
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created wide ranging opinions about the relative positions 
of different cropping systems, with respect to profitability 
at the tarm level. Some producers claim to be better off in 
the long run by continuously cropping their land, while 
others point out that from their experience and knowledge of 
the issue, the high marginal product of moisture conserved 
on fallow land in a low rainfall year, justifies the 
inclusion of summerfallow in the cropping program. The 
Situation regarding the practice of summerfallowing is 
characterised by confusion and conflict. Even with 
increasing cHivicism, the ™majoriuty oor producers ianethe Dark 
Brown soil zone, continue to allocate large acreages to 
fallow annually. Weed control and moisture conservation may 
be important considerations in the decision to summerfallow 
but these factors are only a part of a number of variables 
in the broader issue of selection of a cropping program at 
the farm level. 

The producer has to consider physical factors such as 
soil fertility, temperature and rainfall; economic factors 
sucheas Input and output prices, ancome variability? his own 
risk attitudes and managerial capacity as well as 
sociological factors such as peer pressure, social values, 
tradition and status issues. 

Thus it is evident that farmers have a multiple 
objective function within which profit is important but not 
bhevonly! ingredient. Similarlygetarmers views risk asian 


important ingredient. This study intends to shed some light 
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on the tradeoff between profit and risk associated with 
different cropping programs in the Dark Brown soil zone of 
Alberta. 

In doing so a number of questions need to be addressed. 

To what extent does increasing or decreasing the 
acreage fallowed affect production costs and income at the 
farm level? Does a producer achieve greater income stability 
by including some fallow in his rotation? Other questions 
that are relevant to the issue but have been inadequately 
answered are such items as yield differences between stubble 
and fallow crops, increased costs that may be incurred due 
to extra fertilizer and herbicides which may be required in 
a no fallow or reduced fallow situation, increased machinery 
and labour costs, added risk and income variability and 
producers' beliefs and opinions regarding particular 
cropping systems. Farmers view these and other questions as 
having a bearing on the long term profit advantages or 
disadvantages of instituting a cropping program such as 
CONbINUCUSSCLOpping in? thesDavk Brown, soil) zone. sin 
addition, status issues such as keeping one's fields clean 
by summerfallowing may be important to the individual 
producer. 

The desired situation then seems to be some cropping 
system that maximizes returns to a producer without being 
inconsistent with his non-economic objectives. The gap 
between the desired situation and the existing situation is 


that this ‘optimal’ cropping system has not been identified. 
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There is insuffient knowledge on the effects at the farm 
level of increasing or decreasing fallow in the rotation. 
There is also a lack of documented information regarding the 
practice of continuous cropping and its resultant effects on 
profitability and risk at the farm level over a period of 


time, at various input costs and product prices. 


B. The Problem 

According to several studies relating to production 
increases, a massive reduction in summerfallow acreage is 
required to achieve production levels set for the 1990's. 
These studies have consistently neglected to mention the 
participatory role of the producer in achieving these 
production levels. Very little is known about the reasons 
why producers in the Dark Brown soil zone of Alberta 
allocate large acreages to fallow annually and what will 
induce them to substantially reduce this acreage. 
Furthermore, producers who wish to go into continuous 
cropping require information about the expected payoffs and 
risks associated with such a move. Thus, the problem is to 
identify the relative profitability and risk of different 
cropping programs in the Dark Brown soil zone of Alberta and 
to determine whether it is technologically and economically 
feasible to reduce fallow acreages and thereby increase net 
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C. Objectives of the study 


The general objectives of the study are to examine the 


economic aspects at the farm level of increasing or reducing 


Summerfallow acreage in the Dark Brown soil zone of Alberta 


and to determine the main factors affecting the farm 


operator's decisions on cropping systems. More specifically 


detailed objectives of the study are as follows: 


ll ze 


To analyze comparative yield data for crops on stubble 
and fallow in the Dark Brown soil zone, obtained from 
the Alberta Hail and Crop Insurance Corporation (AHCIC) 
and supplemented with information gleaned from 
interviews with producers in the study area, 

To review the technological developments that might have 
a bearing on the relative profitability of different 
crop rotation systems, 

To identify the key attitudinal and economic factors 
influencing farm operators' decisions on fallow increase 
or reduction and to gauge farm operators' opinions and 
perceptions about the advantages and disadvantages of 
summerfallowing and continuous cropping, 

To prepare comparative farm budgets for typical farm 
operations on the Dark Brown sorl zone and to assess the 
economic implications in terms of payoff and risk of 
different cropping systems, 

To undertake sensitivity analyses so as to estimate the 
effects of changing key parameters, such as prices and 


yields, on the economic outcomes of different cropping 
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systems, 
To assess the potential production response, of 
increaSing cropping intensity in Census Division 5, of 


the province of Alberta. 


D. Hypotheses Of The Study 


The following hypotheses will be tested: 
That continuous cropping results in higher payoffs than 
other less intensive cropping programs, 
That continuous cropping 1S associated with greater risk 
than other less intenSive cropping programs, 
That higher grain and oilseed prices tend to favour 
continuous cropping over other less intenSive cropping 
programs, 
That continuous cropping requires greater investment in 
machinery, herbicides and fertilizers than other less 
intensive cropping programs, 
That machinery replacement policies at the farm level 
influence the relative positions of different cropping 


programs. 


E. Assumptions Of The Study 


aise 


ihe 


This study relies upon certain basic assumptions. These 


Crop yield data, provided by the Alberta Hail and Crop 
Insurance Corporation (AHCIC) and also collected from a 


farm survey, adequately reflect crop yields relevant for 
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producers in the study area, 

2. Expected equity values and net farm incomes are adequate 
MEacMreCorOn Dayoul. 

3. Farmers in general are risk averse and seek to maximize 
expected payoff while minimizing risk, 

4, Inflation and appreciation of fixed assets is assumed to 
be zero so as to adequately capture the effects of 
changing economic variables such as output prices and 
yields, using simulation methodology. 

Other assumptions made, including the assumptions 
pertaining to the scropssimularvonsimodel, are aneluded later 


in the study. 
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Il. THEORETICAL CONSIDERATIONS 


A. Concept of a Production Function 

PHesStucyeok theveconomicceor agmiculturalm production 
has been facilitated by extensive use of the concept of 
production functions. * A production function expresses the 
physical relationship between inputs and outputs in the 
production process. It basically corresponds to a production 
possibility set which in turn depends upon the state of 
technical knowledge or technology set. The production 
possibility set is then a subset of the technology set and 
placing restrictions on this technology set will generate 
the production possibility set. This set contains a bundle 
of inputs and outputs. By assumption of an upper bound and a 
lower bound, the production possibility set is closed which 
by extension implies the existence of a maximum output or 
profit. The existence of a lower bound discounts all 
POSSibDIlities of discontinuities, in inputs or outputs. Also 
no output can be produced without inputs. The upper boundary 
of the production set contains the most efficient production 
points in the production set and the locus of these points 
Vsethe production function. The assumptions of continuity of 
the production s£unction andmstriets Convex ¥ry  lOrthe origin, 
imply diminishing returns to use of variable inputs and 
precludes the existence of multiple equilibria. 


3For a detailed discussion of agricultural production 
functions and their estimation see E. O. Heady and J. L. 
Dillon, Agricultural Production Functions 5th. ed., Dowa 
State University Press, Ames, Iowa. 1972. 


16 


he a 
Gbivieactten> ts 


e _ -_ : : 
; : : : re) . 
7 | WW ; =. a 
a9 oman : 
— _ 


ar | - 
7 7 

f‘fivterr® & ia Jee ae 
~_ 


é ] 
e 9 
Mrpem) yours 
tas qe 
“4 
: vA® «SCR 
ae | > 
iA tiolateass 
, —. a 
a | = 
* rei (oosy 
See a ee iitut< we ete 7 
wm @J wis 1009.39 neg ry 1 no 
q cf 
ipeia Mis Se grizeve rie ‘Pim, NOTA Aud es, 
. + : —_—. —. a 7 
@y y 


SAI VSLEO/FOs 21 4 
7 


. 


Algebraically, the production function may be written 
iNet cCSeimplecrve Phorm as 

BLE Yoke ci ee Pe ew ee Re OS 
WHECEUM, sek Are ai rrerent inputs that are used. in 
producing outputs Y,......Ym. For the purposes of analysis 
and estimation however, the production function is usually 
written explicitly with certain of the variables being held 
constant. 2. e. 

Mee arco ny la) hace shee eee ag re Malereara Lyd) 

The concept of fixed and variable resources in 
production is a time-related concept. A resource is 
considered fixed if the quantity is not or cannot be varied 
during the production period while a variable resource is 
one which the operator is willing and able to vary during 
the production or decision period. 

Algebraically, fixed inputs in the production process 
may be denoted: 

Ve=i(xoy Ames RG i ORG Skylar yes) 
where X, is the fixed input and all other inputs are 
variable. This production function then describes the rate 
at which the fixed and variable inputs are transformed into 
Product, ie 

Agricultural production functions are highly 
specialized and specific to each enterprise. Consequently 
each farm operates on its own production function. 

The estimation of production surfaces is not easily 


accomplished. Measurement and statistical design problems, 
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coupled with changing response efficiency over time makes 
this an arduous task. Empiricists have settled on various 
Mathematical erOrms Gf aguicw tural sproduction functions. such 
as the Cobb-Douglasmftunction, the Sprllman f£unctyon and 
loacely Ene Trans. ogeproductionertunctionm, for investigation 
of particular production processes. The results obtained 
from such investigation however, may in all likelyhood vary 


from what actually takes place at the farm level. 


B. Production Under Conditions of Perfect Certainty 

The theory of production in a perfectly competitive 
environment, relies upon four critical assumptions. These 
assumptions are: 

1. the producer possesses perfect knowledge of all input 
and Output prices. 

2. the input-output technical relationship is known with 
certainty. 

3. all market participants exhibit the simplest form of 
market behaviour i.e. they are price-takers and 
quantity-adjusters. 

Gene goalnot hen firmness probule maximization 

Under these assumptions, a set of marginality 
conditions may be derived, to attain the goal of profit 
maximization. The general case of the short run production 
function for a firm with M outputs and N inputs may be 
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The profit function, which is simply the total revenue minus 
the total cost, may then be derived from the production 


function and maximized subject to its constraints, i.e. 


m n 
Maximize II = iz Pry ies iz CPX, 
1=1 1=1 
SUD WSC Cer O Sieh wy ier ews eV te epee ee) tO) 
¥ne2 0 el eae ey 12 
xpee 0 icles ve 
where Ha=ethe profits tunctron 
y; = level of the ith output 
ew level@or the 7theinput 
Pye= Pricelper UnEt ofesthess theoutpur 
Bima DUICe Pereulberor the 7th eaput 
P= ifpli cit ferm.orepLloducet von, function. 


In order to solve this maximization problem, a new 
function called the Lagrangean function is formed, which is 


stated thus: 
n 
R. Gy. xy A) ys iz Day io z Ey kee 


UMN SESR iia eye ne Wahab pecwe aaa pig chang) 
where A is the Lagrangean multiplier. Taking the partial 
Gemivativermor this function withwrespect toy ix and =A pcand 
setting these equal to zero, yields the following set of 


Simultaneous equations: 
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This set of simultaneous equations, when solved, will 
give the set of marginality conditions which must be 
Simultaneously satisfied for profit maximization or cost 
MiniMizewion. 

Decision Rule 1, 


Sf = Oy OY | Or Dj = £j,OXxX; 
OX | Oy | 


implies that the value of the marginal product (VMP) of any 
PIpUE MUSE equal sitsemarginal factor cost (MPC). Looking at 
it from the output side, this is equivalent to saying that 
marginal revenue (MR) must equal marginal cost (MC). 


Decision Rule 2, 


3 OX | = Me 
OX, se 


implies that the marginal rate of input substitution between 
any two inputs must equal the ratio of input prices. 
Decision Rule 3, 
Sas Ta ah: 
OY « P | 
implies that the marginal rate of product transformation 
(MRT) between any two outputs must equal the ratio of output 


prices. 
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C. The Concept of Risk and Risk Preference 

The assumption of perfect certainty however, does not 
hold in real life decisions, which are normally made in a 
elimatevohr risk andvuncertainiyv.e -aln.a farm Setting, yield 
risk may arise from climatic factor variations, insect, 
weeds and plant diseases. Price risk, on the other hand 
arises from changes in factor and product prices which are 
usually beyond the farm manager's control. 

There are several theories that deal with the problem 
of decision-making under uncertainty and many of them 
require knowledge of decision makers' willingness to bear 
risk, or stated differently, knowledge of their risk 
preferences, 

This study employs a decision theory approach based on 
the theorem of expected utility. As Dillon® argues, although 
game theoretic approaches, risk discount factor adjustments 
and other such methods may all have their uses in specific 
Situations, 

only the decision theory approach based on the 


maximization of expected utility is normatively 
coherent and logical as a basis for risky choice 


(JPR H on ghteR isk, UnNGerralntyeand Profit Sentry Press), 
New VOnhamlal. 91921. pp. (0Gsi22, Knight tinst. proposed a 
distinction between risk and uncertainty. He argued that 
events whose probability distributions can be objectively 
known should be labelled as "risks" and subjectively 
Conceived distributions be called “uncertainties”. 
However, for the purposes of this study, this 
aqistinctions is not important. Risk and@uncertainty will be 
used interchangably to identify a decision situation which 
does not have a single Sure outcome. 
5J. L. Dillon The Analysis of Response In Crop and Livestock 
Production. Permagon Press. 1977. pp 103. 
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Bernoulli's*® principle now more commonly known as the 
Expected Utility Theorem, states that a utility function 
exists for a decision-maker whose preferences are consistent 
with the axioms of ordering and transitivity, continuity and 
independence. This theorem provides the means for ranking of 
risky prospects in order of preference, the most prefered 
being the one with the highest expected utility. The 
expected utility theorem then implies that for every 
individual farm manager, there will exist a utility function 
that reflects his risk preference and a subjective 
probability distribution that im turn reflects his personal 
beliefs. Von Neuman and Morgenstern’ present a lucid 
exposition of cardinal utility dealing with the problem of 
ranking risky alternatives. However, cardinal ranking of 
utility is neither prefered nor necessary. A utility 
function measures relative utilities and the objective of 
the decision-maker is to maximize expected utility. 

The underlying nature of the utility function itself 
has been the object of intense study in recent years but 
WirlbenOr be.explored furthersinwetchnis study.» 

The three possible shapes of utility functions are 


Showman Fige 2.1. The propertives of the utility function 


‘J. R. Anderson et. al Agricultural Decision Analysis The 
Iowa State University Press. 1977. pp 66 

"Von Neuman, J., and O. Morgenstern Theory of Games and 
Economic Behavior Princeton University Press, 1947. 

‘For an excellent discussion on this topic see J. R. 
Anderson et. al., Agricultural Decision Analysis, The Iowa 
State University Press. 1977. A.N. Halter and G.W. Dean, 
Decisions Under Uncertainity with Research Applications. 
SCoutn=westerm Publishing. Coe, Cincinnaty. 1971. 
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Figure 2.1] 
Three Possible Shapes of Utility Functions 


“? Risk Preferring 


~~? O0ary : 
eeoiaaur yaeri”) T “ ie patel <# neil . 


ensure that its first derivative is always positive. The 
second derivative however may be positive, zero or negative 
and it follows that the marginal utility of income will be 
increasing, constant or decreasing. 

The classification of risk attitudes is then based upon 
the sign of the second derivative i.e. risk aversion is 
associated with a negative second derivative, risk 
neutrality with a zero second derivative and risk preference 


with a positive second derivative. 


D. Mean Value-Variance (E-V) Analysis 

The utility function can be mapped into expected 
income- variance space through a Taylor series expansion and 
Subjece to: the assumption that the wiility function hes no 
higher order derivatives than the second or that the 
probability distribution has no higher order moments than 
Variance. Expected utility then is a function of the mean 
and variance of income. The utility functions, when 
represented in Expected Value-Variance (E-V) space give rise 
Ova familycot indziterence on Tse -utmiity curves for sthe 
three risk categories as shown in Fig. 2.2 

Bauer °*states that these indifference curves exhibit 
the following characterists: 

1. "For any two alternatives, each with the same 

variance, the one with the higher expected 


income will yield the greater expected utility. 
2. For any two alternatives, a and b, each having 
°L. Bauer A Quadratic Programming Algorithem for Deriving 
Efficient Farm Plans in a Risk Setting Unpublished Phd 
Thesig. Oregon State University June Vo7n. pp. 25-30. 
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Figure 2.2 
Indifference Curves for Three Different Risk Categories 


V 
A 
B 
Indifference Curves for Indifference Curves for 
Risk Averse Individual Risk Neutral Individual 


Indifference Curves for 
Risk Preferring Individual 


fag) 


* 


wm eu a ae ae 
feahivinal (enteh 2-0 


Al 


! 


et a 1 
oy al nase crraed 


a 
ee = 
- a 


Sa 


A 2a aoe oe 
imihri cod saat 


the same expected income: 

a. where the marginal utility of income is 
increasing, the alternative with the greater 
variance will yield the greatest expected 
Ui Leys 

b. where the marginal utility of income is 

decreasing the alternative with the lower 

variance will yield the higher expected 

Levit y. 

where the marginal utility of income is 

constant, both alternatives will have the 

Same expected utility." 


2) 


Refering to Fig. 2.2, the risk averse individual will prefer 
B to A since A has a higher variance. A risk neutral 
individual will be indifferent between A or B while the risk 
preferring individual prefers A to B, Since it has the 
higher variance. This comparison of decision behavior 
between individuals is not an interpersonal comparison of 
utility, but merely reflects the risk preferences of 


different individuals. 


E. The Concept of Stochastic Dominance 

The theory discussed thus far has assumed that 
preferences of the individual decision-maker can be 
obtained, either by direct measurement of utility functions, 
experimental methods or observed economic behavior and then 
quantified and used in the analysis. However, the whole area 
of determining the true risk preferences of the farming 
population is fraught with problems. Young ‘°*notes that the 


results of most studies dealing with risk measurement cannot 


Dye be Young Risk Prererences Of Agr ici) tural Producers. 
Their Use in Extension and Research Washington College of 
Agricultural Research Center Scientific Paper No. 5395. 
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be extended to the general farming populace due to 
measurement and sampling limitations. 

Where risk preferences are unknown, assumptions may be 
made about them, so that the theory of stochastic dominance 
can be used to rank farm plans and eliminate alternatives 
unacceptable to rysk averse individuals. ** In this study, 
the farm plans or strategies, are generated by using a 
computer Simulation model. Each generated farm plan 
associated with a particular cropping program will have a 
unique expected equity value and variance attached to it. 
First degree stochastic dominance (FDS) arising from the 
monotonic properties of the utility function previously 
described, asserts that for a given level of variance, more 
expected equity is preferred to less. With the added 
assumption of risk aversion, second degree stochastic 
dominance (SSD) asserts that for a given level of expected 
equity, less variance is preferred to more. The assumption 
of risk aversion can readily be made for the majority of 
farmers, while acknowledging the existence of risk 
preferring individuals. The risk-optimal farm plan cannot be 
identified without knowledge of the particular farmer's 
utility function. Stochastic dominance theory however relies 
on the identification of a set of risk-efficient strategies 
which are compared on the basis of entire probability 


distributions for each strategy, each probability 


in oR. Anderson, J. Gy Dillon, J. B. Hardeker Agricultural 
Decision Analysis. The Iowa State University Press. Ames, 
Loway 1977. 
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distribution corresponding to a whole array of expected 
equity values. Fig.2.3 illustrates cummulative probability 
distributions for three strategies which when shown in E-V 
Space illustrates the concept of first and second order 
stochastic dominance. Strategy B 1s preferred to strategy A 


due to first order stochastic dominance and strategy B is 


Fan] 


preferred to strategy C due to second order stochastic 
dominance.The locus of all risk-efficient strategies 
represents the efficiency frontier or boundary which locates 
the minimum possible variance with each possible level of 


expected equity (Fig. 32.4). 


'2The set of risk-efficient strategies may be narrowed down 
even further if it is assumed that the third derivative of 
Ehemuncet J iOmUcil 1 bye t Unc tt OnmrusmDOSt Veli © can peOnle 
get richer, they become increasingly less averse to risk. 
TMrisebasivcal ly scOnctlbUutes unemcoucepr ol uLiind=degrec 
stochastic dominance (TSD). However, TSD and higher degrees 
of stochastic dominance require further restrictive 
assumptions about preference and are of interest to 
Eheorists Only.sln addition, i beiSeSULiICrent LOsaSssumes that 
higher moments about the mean are equal to zero and this 
assumption is supported by the difficulties inherent in 
utility measurement. E-V analysis, considering only FSD and 
SSD is a simple but practical way of ranking alternative 
strategies. Consequently, this approach is used in this 
Study. 
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Fioure 2.3 
The Concept of First and Second 
Order Stochastic Dominance 
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Figure 2.4 
The Efficiency Frontier 
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ITI. REVIEW OF LITERATURE 

This chapter reviews the relevant literature that deals 
with the problem of determining relative profitability of 
different cropping systems. A multitude of economic, 
technological and physical factors impinge upon the farm 
manager's decision to choose some particular cropping 
program. Most research has concentrated upon particular 
aspects of the problem and this review will be appropriately 
divided into three sections dealing with the physical 
considerations, the technological developments and economic 


factors that have been the concern of most researchers. 


A. Physical Considerations 

Crop yields are influenced by a number of soil 
characteristics and climatic factors. Of these, soil 
Moisture is thought to: be the most Dimiting to plant growth 
in the Dark Brown soils and thus influences crop yields the 
most. 

An analysis of 50 years of wheat yields at Swift 
Current, Saskatchewan by Robertson'*® determined that 
precipitation for the summerfallow period and for the months 
of May, June and August were the most important variables in 


explaining yield variations. Williams’ * «study done for the 


'3Robertson, Gs W., "Wheat Yields for 50 years at Swift 
Current, Saskatchewan in Relation to Weather." Canadian 


Journal of Plant Sciences, Vol. 54. 7 ae pp 625-650. 
MylltameesG,) Di aV.e  1EStimates OlePratrienProvancgalgwneat 


Yields Based on Precipitation and Evapotranspiration." 
Canadian Journal of Plant Science, Vol. 53. (1973), pp 
17-80, 
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provinces of Alberta, Saskatchewan and Manitoba, (spanning a 
5 year period) suggested that precipitation and potential 
evapotranspiration accounted for more than 80% of the yield 
variation in these provinces. The work of other researchers 
such as Bole and Pittman'® again emphasizes the importance 
of soil moisture in determining yield. 

A considerable amount of work has been done on the 
merits of summerfallowing as a weed control and moisture 
conservation technique. In 1967, Dew'*® reported that 
experiments at seven locations in Western Canada between 
(oocaand SG mindicated*thatwuhree:ore:cum tillage 
operations were usually enough for satisfactory weed control 
on summerfallow and generally provided highest yield of 
grain. Herbicides that were available at that time, were 
unable to give satisfactory weed control, and for those 
years where only herbicides were used without tillage 
operations, there was inadequate weed control with slightly 
less moisture being stored. 

If moisture conservation is the prime consideration, 
the case against summerfallowing in the Black soil Zones is 
Supported by the  e¢lassic study ofebentleyveteal** They 


found that, after 5 years of experiments using different 


PEClewe us meanclU. J. PUCTMai ee open gsoil, Waten, 
Precipitation and Nitrogen Fertilizers ebitect one Barley 
Yield." Canadian Journal of Soil Science, Vol. 60. (1980), 
pp 46 1=469% 

DeyembeeA.. “Bifect: off Summertallow Mi liaeccwon Soil 
Physical Properties and Yield of Wheat." Canadian Journal of 
SovjeSscience, Vol. £8 (1968), pp 21-26. 

‘7 See "Crop Notes", published by United Grain Growers, Jan. 


1976, pp 100-126. 
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types of seeding machinery, in and around the Edmonton area, 
soil moisture in the spring just before seeding time was at 
Meastrlas@good on the continuously tcropped plots as on the 
ones that had been fallowed the preceeding year. They 
conclude that continuous cropping without summerfallowing in 
the Black Soils is desirable sand practical, provided 
appropriate seeding equipment is available for direct 
seeding on stubble, effective weed control is maintained, 
and adequate fertilization is undertaken. 

Siemens'*® reports that there is general agreement among 
researchers that in drier areas such as the Brown soil zone, 
sSummerfallowing is necessary to store moisture and ensure 
worthwhile grain yields. A noted exception to this is 
Rennie'*® who argues that summerfallowing is an inefficient 
way to conserve moisture, with only about 20% of the 
precipitation that falls during the fallow period being 
actually stored and available for plant growth. In addition, 
he argues that the costs attributed to soil erosion, soil 
Salinity and soil nitrogen losses caused by excessive 
tablowing fan outweighs sthelneturns:. 

If the merits of summerfallowing in Brown soil zones is 
Still being contested by researchers then in the Dark Brown 
Sor zone, the picture 1s even more cloudy. The average 


rainfall in the Dark Brown soil zone during the growing 


Pe eCrenens all. Bae CLOPDINGmoySvels, ean Evaluative Review 
of the Literature." University of Manitoba Technical 


Bulletin #1, 1963. 
'?See "Crop Notes", published by United Grain Growers, Jan. 


1976, pp 100-126. 
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season is only between 5 and 7 inches, making reserve 
moisture in the soil extremely important for plant growth. 
Researchers’°® have determined that approximately 10.5 inches 
OGerainiall plus thetwater stored ingthetsoit iwi liv give 
about a 15 bushel wheat crop. Every inch above this that can 
be saved will increase yields by 3 to 5 bushels until the 30 
bushel mark, after which fertility and other management 
factors usually become key factors. 

Mackenzie's’?' work suggests that the role of 
summerfallowing is not very clear-cut in the Dark Brown soil 
zone. In his experiments, he found stubble yields averaged 
75% of fallow yields in spite of precipitation rates well 
below long term averages. However, while with the 
fallow-wheat rotation, there were no crop failures in any 
year, continuous wheat failed 37% of the time. This suggests 
an income variability problem might exist even though 
average yields seem to favour continuous cropping. 

The problems created by excessive tillage of the soil 
associated with the practice of summerfallowing have become 
of increasing concern to soil scientists. Rennie’? estimates 
thapeapproximately halflol thesorganicymatter contentsot 


prairie soils has been lost during the last 70 years, 


2° See "Crop Notes" published by United Grain Growers, Oct. 
Dove LOC. O0r 

Simackenzie, Ja G., “HBCOnomics=oOn GCrain-Fallow @Rotarions and 
Fertilizer Use in the Prairie Provinces", Canadian Farm 
PCOnOniCSeVol. 3, No. 27(1968) "pp =15-27- 

s2peante, DUA Sol, thevThreatenedsresource. = in 
Challenges and Opportunities for Saskatchewan Agriculture, 
Science Council Background Study 1, Saskatchewan Science 
Council -e@Sackatoonyr i978 > Epp) i Jo274 
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forcing farmers to use more and more fertilizer to 
compensate for the loss of nitrogen and other minor trace 
elements. Ausenhus** has determined that crops grown on 
fallow land take longer to mature and are more susceptible 
to lodging. He believes that in the long run, producers are 
better off with more intensive rotations. Bentley?‘ in turn, 
points out that associated with the problems of soil 
salinity and erosion, declining soil nitrogen content due to 
sumerfallowing is resulting in the production of grain with 
lower protein content. Bentley’?® argues that the immediate 
concern for prairie agriculture is to find some legume that 
can Suitably be accomodated into the cropping program so as 
to replenish soil nitrogen levels more economically. 

Penny’?* suggests that although crop yields have 
increased tremendously since the early fifties, soil quality 
itself has declined in the Prairies. He estimates that 
organic matter levels have decreased by as much as 40% in 
the Brown, Dark Brown and Black soil zones. 

A study of wheat yields in the early sixties by 
Michalyna and Hedlin?’’ 


2-Ausenhus, C. 1977. "Does Summerfallow Pay?" AGDEX 821-6. 
Edmonton, Alberta Agriculture 

Wenenpley GG. Fe" (977. “Agricultural Changes and Resource 
Endowments," Agriculture And Forestry Bulletin Fall 1977, pp 
Osha 

**Bentley, C. F. “Problems and Opportunities in’ Western 
Canadian Agriculture, | an) Chal lengesvandsOpportunitses, Ip 
Saskatchewan Agriculture, Science Council Background Study 
ieeSaskatehewansScaence Council, Saskatoon 1978) )pp76/-74. 
penny, Ds Ciye Agricultural (Lands Ay Renewablem Resourcer” 
in Farm Light and Power, March 1980, pp 30. . 
27Michalyna, W. and R. A. Hedlin, "A Study of Moisture 
Storage and Nitrate Accumulatloniin Soils as Related to 
Wheat Yields on Four Cropping Sequences", Canadian Journal 


' 7 i 


_ 
m7 7 7-6 7 a 
rT cop ee el Pian 
VF 8 
—— _ - : : 1 
e3aTtih' s4iiG  SeeTe Lied 4 i d608 
wo fev te #6 Ts DTI 4 ae" 


i ean vadie . ous he ‘i onagk aia ined voste 
‘aver .e@ oF ye | @. 
at ; | ro We atseh 
beth in: ahadas : 4ijw Lea thoowed’ 2009, See eeeiag, 
7 +e pee Prytt ie 
Ts é \iietenae 


Honiiiah aided dl ag sewed 
par | ma >é . + iy Ue So writs ota TON Avene. 
oe Oil Vvitite Tint nd sesiun Aa 


yr hij a § y 2! ‘y— weetsa : a0 aswatewn ed 


497 li 9 dot ois <a 


f , Lite oe ek 4 j <> rr : f fiean et Gesastend 


2% das 4 fe ay Ht @6i tine 


=) 
‘eq an: Wim s . : (i8 2 abe 
,ot Vea Peale ed bd is af ooo 

@ aeriKle y iho imiy » Io young 


sp sould Ste an 
ee ores apt Leo ese, @6A* ), 7. Fee 05 wee 
miu aire< wet fo 

eoiiteud paw PeeGpt yl oe Tere a si? ' 


al 
7 «eG ® ioe, a - = 
e: oo) Jom wt wi oad an Hee wails i he 
poh Ab aetlN eu ienan, id Ae tieet. ot aden 
9s MPA | bpd. 


Sire an fo\ Lanta J vy 

Lahaye vines 1 a» 

wien! . 1 7 ieuiks) te rie wa 
eC bas ee 


36 


suggests that the primary benefit of summerfallowing may not 
be moisture storage but increased available nitrates to the 
plant, which translates itself into higher yields. This fact 
however, 1s contested by other researchers who claim that 
the soil quality problems created by summerfallowing cannot 
be ignored, even though soil nitrogen content can be 
increased by addition of appropriate amounts of fertilizer. 

An estimate of soil erosion losses by Lindwall?* caused 
by summerfallowing suggests that the losses are phenomenal. 
Moresthate20vbirltlion tonnessot “top soit are lost annuaklyvin 
thewPrairves Phillips etacalwv- sesuggest that this loss can 
be controlled by minimum tillage and no-tillage types of 
practices. The development of such types of conservation 
tillage is discussed further under "Technological 
Developments". 

The merits of summerfallowing as a weed control 
technique are unclear because very few studies have attached 
importance to economic consideration of weed control. 
Leavitt's*° work seems to suggest that summerfallowing is 
inferior to use of herbicides to control annuals such as 


wild oats, but is a better method to control perennial weeds 


Mitcont G)OresO)) SCIenCe, Vol. 450 (41961) spp. 5-1 5. 

28 "Summerfallow Damaging Prairie Farmland." The Manitoba 
Co-operator, Aug. 14, 1980, pp 15; reporting on a paper by 
C. Wayne Lindwall, Agriculture Canada Research Station, 
Lethbridge, Alberta. Presented to the Canadian Society of 
Agricultural Engineers, Edmonton, Alberta. July 1980. 

i eeePHi ll bipSseets ©al.e Not tblagesAguuculture? Sojence 
2065 (4408) 91980) pp 1108-11 t3. 

S°Leavitt, BE. D., "Research-on the Control voi Canada sThisele 
in Alberta", Prepared for the Canada Thistle Symposium, 


Regina, January 1980 pp 2. 
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B. Technological Developments 


Minimum Tillage 

Soil quality and soil erosion problems caused by 
excesSive tillage and primarily associated with 
summerfallowing have spawned considerable research on 
conservation tillage practices. Williams’®' asserts that the 
proper amount of tillage means the least tillage necessary 
to produce the desired crop as efficiently as possible. 
Thus, minimum tillage may include a wide variety of systems 
Such as strip tillage, mulch tillage, chemical fallow and 
zero tillage. -zZero tillage refers tosthe practice of 
planting a crop entirely without tillage or with just 
sufficient tillage to allow the placement and coverage of 
the seed with soil and to allow it to germinate. Usually, no 
further cultivation is done before harvesting. All 
conservation tillage systems have as their objective the 
Maintainance of residue cover to protect the soil against 
erosion and to increase water infiltration. Zero tillage 
systems appear to have several advantages and disadvantages. 


The possible advantages are: 


(. hesaving in fuel and timevdue to fewer iield operations, 
Williams, D. Aw, “Tillage as a Conservation Tool”, in 
Tillage For Greater Crop Production Proceedings of the 
American Agricultural Engineers’ Conference on Crop 
Production with Conservation in the 80's. Published by The 
American Society of Agricultural Engineers, St. Joseph, 
Michigan Dec. 1960 
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2. Maintainance of surface residue to control water and 
wind erosion, 

Se Greater conservation of moisture in) the root zone ais 
possible than with conventional tillage as the soil will 
dry less, 

4, Weed population may actually be reduced if the soil is 
disturbed less, 

5. Reduced captial investment on tillage equipment and 
greater coverage of area per unit of time, 

6. Higher retention of soil organic matter levels. 

However, producers suggest a number of problems need to be 

solved before they will change to zero tillage. Among these 

are: 

1. Inadequate seeding equipment to seed on hard, trashy 
surface, 

2. Use of non-selective herbicides which are expensive, 

3. More attention to detail such as timing of herbicide 
application, 

4. May not work on certain types of soil such as 
fine-textured, poorly drained soils, 

5. Perennial weed control may cause a problem and cost much 
more, 

6. Increased insect and disease problems are a distinct 


possibility: 


—_ as a > 7 ha - 
aoa | 


om wary dn 6] 4uSiaei '@ seit - das 


YF 


a 


» aah 
rT | ee a) ee vod SeuNGOlGS: 
Laie many @¢° ; 
ene!, 
+) ‘Bikes Va 4) gn). Gl eh Garey a 
’ 

bde@ eit us 9006 
ee qeocuben 
¥ y% i eIp 
— 

oe) nares vata it 
_W 


Le ‘seen | 9 


_ , 
P6i@ tiem af9 ay tel Li % . 


9 L poe! ptt 


ay) vei? Ole | 1h) S| A 


vies «ated Gee 


aati?) sl ; | oe Ti * 4 on vehang 
ei we - 

ey ef ® Geo STG elie :< fans segarelese-inate Cat wl 
poicidserl le- ¢r ib. 6e so 09@006 C18 
a 

aa wd0e ve oe ; $9423 1% 4208 JOR) = 


é 2. ts i> & 1OixN7 , owe 


Grails 12900 DO G01 40''*) Die: Vian Leqlgn7 Gaett 
>) aa 


gpadsdibe etn. ad dec, coup tl Edd oe . 
| | aes me 


39 


Use of Herbicides 

Much work has been done on the merits of chemical 
summerfallowing, as an alternative to tillage operations. In 
Anderson's*? experiments, yields obtained were similar to 
those for other treatments where tillage was included. More 
recent work at Agricultural Research Stations across the 
Prairies, seems to suggest that the rapid development of new 
and improved herbicides, is providing farmers with an 
alternative to conventional tillage practices. However, the 
biggest drawback remains the cost considerations and the 
fact that weather conditions must be ideal for chemical 
fallowing to be truly effective. Anderson found that full 
chemical fallow involved very high chemical costs to control 
all weeds and proved uneconomical. 

Researchers at Lethbridge have estimated that chemical 
fallow could cost roughly twice as much as conventional 
tillage, thus requiring yields to be sufficiently high 
enough to make it profitable. 

More recent work by Lindwall and Anderson** at the 
Agriculture Canada Research Station at Lethbridge, Alberta, 
suggests that, over a nine year period of testing, 
herbicides are as effective as tillage in controlling weeds 
during the summerfallow program. They also found that crop 


residue and soil moisture conservation were greatest when 


22 Anderson, C. H., "Comparison of Tillage and Chemical 
Summerfallow in a Semi-Arid Region", Canadian Journal of 
Soid Sefence. Vol..51 pp 397-404 

23See "Crop Notes", published by United Grain Growers, June 
tf Soppr i100. 126% 
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weed control was achieved by chemicals alone, instead of 
tillage. The treatment that produced the highest yields 
comprised one fall tillage operation with full chemical 
fallow. 

It has been suggested that, if summerfallowing is 
thought to be absolutely necessary, then the best way to do 
it 1S by a combination of mechanical tillage and chemical 
herbicides. By this method, soil clod size is retained, more 
trash remains on the surface and complete weed control is 
achieved. The decision to spray herbicides or cultivate, 
however, will depend upon soil conditions, the weeds 


present, stage of weed growth and soil erodibility. 


Machinery Development 

The development of new and more sophisticated planting 
machinery, primarily to seed on stubble, has also 
accelerated in the last five years. The objective has been 
to develop a practical and economical method of placing both 
seed and fertilizer at optimal sol depths in one field 
Operation. The need for atdevice tomeut plant residuevhas 
been mentioned in several studies, including those of 
Koronka?* and Krall et. al.°* Morrison and Abrams** consider 
uniform penetration of the soil and sufficient tilling in 


24Koronka, P., “Machinery Development for Direct Drilling", 
IneOuULIOOKMACMicul ture VOL. W, “NO. Tawi OVS ar ppi a0 s195. 
irl met alee ONG= Lill sDr iii smior Recsopping nin 
Montana Agricultural Experiment Station Bulletin 716, 
Montana University, Bozeman, Montana. 

**Morison, J. B., and-C. F. Abrams, "Conservation Tillage 
Opener for Planters and Transplanters." American Society of 
Agricultural Engineers, Transcript 21. No. 4 pp 843-847. 
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the seed zone to obtain good seed-soil contact, as being of 
primary importance. Gallaher?’ considers adequate covering 
of the seed, proper soil forming over the seed and 
capability to follow the contour as essential ingredients of 
a good planting device. 

Large and expensive zero till drills are now available 
commercially with some users claiming significant cost 
Savings, with good, even seeding. However, the economic 
advantages of zero tillage over a period of time have yet to 
be reseached adequately, with most research still in its 
infancy. One study done at Swift Current, Saskatchewan? 
over a three year period, seems to suggest that slightly 
higher wheat yields are possible with zero tillage than with 
conventional tillage methods. However, zero tillage methods 
seem to work well on some soils and poorly on others. 
Researchers at Swift Current found that zero tillage does 
best on clay soils but poorly on sandy loam soils. 

A somewhat similar study done at Lethbridge, 

Alberta,*?* compared zero tillage with conventionally tilled 
etubble and the results indicate that'.on Dark Brown =so21ls, 
yields for zero tilled stubble were considerably higher than 
formiconventionally tilled “stubble: 


Gaitaher, eR, aN», “Multiple CroppingeMinsmunmstri lage yaar 
Florida Cooperative Extension Service, Institute of Food and 
Agricultural Sciences, Bulletin MMT-7 University of Florida, 
Gainseville, Elorida. 

28 "Zero Tillage Does Best on Clay Soils", in Grain News Jan 
TOBIN: 

3° See "Crop Notes", published by United Grain Growers June 
ISS sop OC 26. 
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Bentleyrer.  al.")  concuuder that no tillage or reduced 
tillage generally results in satisfactory yields but not 
with full consistency. They find that minimum tillage may be 
the cause of greater year-to-year variation in yields. 

In his summary of conservation tillage systems in 
Canada, Johnson*" states that) reduced trllage practices will 
improve resistance to erosion and will give satisfactory 
results for seeding second and subsequent stubble crops if 
several conditions are met. These are, that the seed is 
placed properly in the soil, weeds are controlled by 
chemical and mechanical means and sufficient fertilizer is 
used. If there is excess fall moisture, too heavy crop 
residues and specific weed problems, Johnson feels that 
several adjustments in tillage, fertilizer ratio etc. need 
to be made to ensure satisfactory results. The specific 
adjustments that are required for particular soil types, 
requires further research. 

Erbach's*? view is that, although improvements have 
been made in seeding equipment, satisfactory planters for 
conservation tillage have yet to be developed. He calls for 
the design and development of planters that will cut through 
residue, operate without blockage and that will give uniform 


*°See "Crop Notes", published by United Grain Growers, June 
Sikes Vela) anONe ea eaey 

‘i jJehnson, W.0.)  “ConservationsTidilage ineWestern Canada”, 
in Conservation Tillage: Problems and Potentials, Soil 
Conservation Society of America. Special Publication No. 20. 
Mhrbach (De Ge, IPlanting for Crop Production swith 
Conservation", in Proceedings of the American Agricultural 
Engineers’ Conference on Crop Production with Conservation 
in the 80’s. Published by the American Society of 
Agricultural Engineers, St. Joseph, Michigan, Dec. 1980. 
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placement and covering of seeds. 

Concurring with this view, Johnson calls for additional 
research into methods for incorporating soil-applied 
herbicides without excessive soil disturbance. He also feels 
that research should be directed towards site-specific 
recommendations, rather than broad recommendations based on 


average data obtained under poorly defined conditions. 


Snow Management 

One innovative moisture conservation technique that has 
received increased attention from researchers and farmers 
alike, 1S Snow management. Generally, snow makes up about 
25% of total precipitation received, in any area. The water 
equivalent of snow is estimated to be one inch for every 
foot of snow, but to save this water for plant use means 
trapping and holding the snow where it is needed until it 
infiltrates into the ground. In the semi-arid regions of the 
Prairies especially, the large amount of snow that falls 
annually, if properly managed can be eSpecially critical to 
farmers, because of its high marginal productivity in terms 
of increased yields. 

Researchers are studying many different methods of snow 
management. Intermittently spaced barriers have proven to be 
an effective means of conserving water from snow. 
Stiff-stemmed plants such as tall wheatgrass, sunflowers and 
mustard have been used as barriers. Black and Siddoway‘*® 


*3See. "Soil, Watereand Crop Production” s.Thorne; "Ds W. and 
MeeDus Thorne, -ecLtors. 1949. 
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Studied the effects of perennial tall wheatgrass barriers in 
Northern Montana. The grass, which averages about four feet 
in height is planted either as a single or double row, 
perpendicular to the prevailing winds, with the distance 
between plants being about thirty feet. The winter 
precipitation storage has been 100% greater than what was 
stored outside the barriers, 

Ferguson and Krall ** report that an Russia, mustard 
barriers are used extensively in a Similar manner to tall 
wheatgrass. In addition, mechanically-formed snow ridges are 
popular in Russia, expecially in the Siberian plains where 
snow depth averages between 1 and 1 1/4 feet between the 
ridges. 

A recent study conducted in Montana‘**® to evaluate the 
differential effects of snow barriers for trapping moisture 
in high and low chinook frequencies, came to the following 
conclusions: 

1. The ground freezes about 20 to 30% deeper (4 to 6 
inches) in fallow fields than in fields with standing 
Stubble. Also, soil moisture within the first 6 inches, 
was Slightly gréater during the winter, in stubble 
freids than in fallow irelds:, 

2. Snow depth is greater in standing stubble fields that in 


(ABerguson, idaeand J. Krall ye CropeProductiom Systems in 
Arid and Semi-Arid Cool Temperate Zones", in Soil, Water and 
Crop Production, Thorne, D. W. and M. D. Thorne, editors, 
1973 

i aiteecCapuioy ceurral., © Snows Barrier tPotenrial shor 
Harvesting Moisture in Transects Across Chinook Areas in 
Montana", in Montana Agricultural Experiment Station, 
Research Report No. 175 Feb. 1982 pp 2. 
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fallow fields and stubble appears to be more effective 
during winters with lesser amounts of precipitation, 

3. The relative difference in snow depth cover from fallow 
to standing stubble was greater in chinook areas that in 
non-chinook areas. 

The authors feel that allowing the crop stubble to 
remain during the winter is one sure way of making more 
moisture available for next year's crop, and it is 
especially effective in dry winters. 

In Canada, researchers at Swift Current, 

Saskatchewan’ * developed a deflector shield that is 

essentially mounted on the cutter bar of the swather and 

enables variable height swathing. As the swather moves along 
the field, the deflector bends the stalks to the side such 
that only the heads and a short portion of the stalk is cut. 

This method leaves a centre strip of short stubble, adjacent 

to which are two parallel rows of 1 1/2 feet to 2 feet tall 

Stubble about 1 foot apart. The 3 to 4 inches of extra 

moisture trapped represents twice as much as what was 

trapped using uniform stubble. Each additional inch of soil 

moisture has been shown to increase crop yields by 4 to 8 

bu/acre. This finding however, is based upon a perceived 

linear relationship between crop yield response and 

Additionaleamounts Of soll moisture: Pf the actual 

relationship is non-linear, and when moisture is critical, 

Pe Manqinal product Of that morccume is likely to be much 


eon. -PaZentner, Algriculture Canada Research Station, Swift 
Current, Saskatchewan. Personal Communication. 
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higher (Fig. G21). This aspectsof crop yield response to 
additional amounts of moisture is not well researched. 
Another study done in Saskatchewan,*’ on farmers’ 
fields, shows that taking measures to trap snow, such as by 
incorporating trash and variable height swathing, increased 
moisture conservation by as much as 1.8 inches, as compared 
EO; cut trelds lett with a uniform stubble height. Of course, 
the type of spring thaw and soil conditions influence the 
amount of snowmelt water which infiltrates into the ground 
or runs off, but researchers feel that variable height 
Swathing and other snow management techniques offer the 
potential for exceeding the amount of moisture gained 


through summerfallowing. 


C. Economic Considerations 

The physical factors that affect crop yields have been 
extensively researched in the Canadian Prairies. At the same 
time, several economic studies have tried to determine 
fOpulmal cropping Sysvenic,mana by extension, the Vevelsor 
summerfallow that is desirable at the farm level. However, 
as Marvin Anderson** notes, as of 1981, no interdisciplinary 
study seems to have been conducted in North America to 
establish the Quantitative importance of each of the several 


factors that affect selection of cropping programs. 


+7"Pallow Yields on Stubble", in Country Guide Aug. 1983 pp 
308 

*® anderson, M. and Associates Ltd. "Factors Affecting 
Summerfallow Acreage in Alberta", Environment Council of 

A} bepra Publicatvon. August, 1981. 
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In his’ study, Anderson establishea that weed contro! 
and moisture conservation remain the most important reasons 
for summerfallow in Alberta. Furthermore, he identifies five 
factors that are most likely to affect farmers’ decisions 
regarding Selection of a cropping program. These are: 

1. preseason moisture, 

Ee Asheiceinn’ “Cheeyes eee 

SeCetie/ CquLLYy, ratio, 

a land=priceminput price rat ro, 
See DEOgrams Such as LIFT, 

Ausenhus‘° first proposed the simple but useful method 
of uSing a partial budget to determine whether summerfallow 
pays (Fig.3.2). He concludes that stubble cropping requires 
a greater cash outlay and involves greater risk although, he 
Suggests this risk can be offset by crop insurance. His 
argument is that although continuous croppers will suffer 
more in a poor moisture year, over the long run the gains 
should offset the losses. He is quick to point out however, 
that the fallow versus stubble crop controversy has no easy 
SOlMmMtnOnS, and 1s largely a matter oft individual choice. 

Although several authors have mentioned the huge 
economic losses possible as a result of soil salinity and 
erosion caused primarily by summerfallow, no concerted 
effort has been made to simultaneously quantify the returns 
and losses attributed to summerfallowing. 


**Ausenhus, C., "Does Summerfallow Pay?" AGDEX 821-6, 
Alberta Agriculture, Edmonton, March 1977. 
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Figure 3.2: Example of A Partial Budget 


Estimated change in annual fatm profits from the proposed decision to FALLOW AN CRE Of 
FPS YERA'S CROP LANA AATNWEA THAN STH PELE CAHOF 


Lita 


ADVANTAGES DISADVANTAGES 


Te ADDED ANNUAL RETURNS EXPECTED 3: ADDED ANNUAL COSTS EXPECTED 


Extra yield from faliow crop next year: Added Cost of Fallowing: 
One Cultivation FS 


Two Rod weedings ins Ss 
Pee REDUCED ANNUAL COSTS EXPECTED 4. REDUCED ANNUAL RETURNS EXPECTED 


a) Stubble Crop Cash Costs a) Stubble Crop Cash Return This Year 


Seeo Ages. 2 3.°~* bake ee Se aoe x ete L470. me 
Stubbie Yield Price 
Fertilizer: N 6576, a/7s f ees 
We @3-0 
p0,50 4 id 
d) Interest Discount On Next Year's Extra Yield 
Herbicide Wild oat PVA DEX Bed mee oe 
Shek Oy x 10% 3. 
Broadleaf SL. $e 
Machihe Costs oS, 8 


Crop Insurance 4H eo 


b) Fertilizer Saved Next Year 


os Ib actual N x 76 cents/Ib A275 


c) Other Chemicals Saved Next Year 


slirhlly fess weed sptey Fe 


TOTAL ADVANTAGES (A) ©... Seer Ma ae 


Estimated change in Annual Farm Profits (A minus B) -.93 \ 


Source: C. Ausenhus, “Does Summerfallow Pay?, AGDEX 821-6, 
Alberta Agriculture, Edmonton, 1977. 
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Hatry Hill?° of the PragciversrarmiRehabilitation 
Administration, estimates that Prairie Farmers are losing as 
much as $400 million annually due to soil erosion and soil 
Salinity. Rennie*®' estimates the loss from soil salinity in 
Saskatchewan alone at $60 million annually. However, both 
researchers make no mention of the possible losses to 
producers if no summerfallowing is practiced, because of the 
extra risk involved in more intensive cropping. 

Several economists have concentrated their efforts on 
determining the economics of summerfallowing and the 
associated economic outcomes at farm level. Knight*?, using 
experiment station data from Western Kansas, determined that 
wheat yields, wheat prices and production costs influence 
the amount of fallow in a rotation to maximize return to 
land. Bauer*®* compared a fallow - wheat rotation and a 
continuous cropping rotation in North Dakota and found that 
where precipitation and yields are higher, continuous 


cropping gave higher returns. Burt and Stauber®* used data 
5°"Billions Wasted Unless Soil Saved", in The Western 
Producer. Jan 20th, 1963. 

s(Renniet DD. A., "Soil poThe Threatened tResource!?. in 
Challenges And Opportunities in Saskatchewan Agriculture, 
Semence Council sbackqrounds Study ei e197 Cyheppl iy sai 

> Knight, D. A., “Economic Considerations for Selecting the 
Superior Frequency of Fallow for Wheat in Three Locations in 
Western Kansas", Agricultural Experiment Station, Technical 
Bulletin 85, Kansas State College, Manhattan. September 
1956. 

PIbauco, Ana EeVaiuablom Oferallowelo Inereases Wateractorage 
for Dryland Wheat Production", North Dakota Farm Research 
RepoRnbano. 25 (1.968) pp 6-92 

SR GrtemO CMR: BandiM.woe olauber, ms DGylandsGropping 
Strategies to Prevent Saline Seep", Proceedings of Regional 
Saline Seep Symposium, Bulletin No. 1132, Cooperative 
Extension Service, Montana State University, Bozeman. April 
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from Montana, to conclude that farmers should use a flexible 
Strategy based on spring soil moisture to maximize net 
returns. Johnson and Ali*®*® examined income and risk aspects 
of wheat - fallow cropping systems in North Dakota and 
concluded that based on 1980 costs and yields, 
summerfallowing is becoming less desirable economically, but 
income variability is reduced with summerfallowing. 

The economics of different cropping programs in the 
Canadian Prairies has received increased attention from 
researchers, primarily based in Agricultural Research 
Stations across the Prairies. Mackenzie's*®* study on grain - 
fallow rotations and fertilizer use done in 1968, attempted 
to determine whether crop yields could be maintained by 
reducing or eliminating fallow entirely. He makes the 
assumption that technological innovations in fertilizers and 
farming practices, may have reached a level where it is now 
possible to maintain or even increase yields without fallow. 
Using average farm prices of $1.50 for wheat, he concludes 
that when yields on stubble are less than 65% of fallow 
yields, the: 1/2-1/2 cropping systemewillcdominatéesin the Low 
productive soils of the Dark Brown soil zone. However, when 
stubble yields are between 65% and 74% of fallow yields, 
Ehennai/3-273 systemoor a 4 year crop2crop-crop-f£allow 
rotation would dominate. When stubble yields are greater 


‘sonnson eR. G. and M. B.. All, “Economics;of Wheat — fallow 
Cropping Systems in Western North Dakota" Western Journal of 
Wonicuituralr Economics, Vel. 7 Now, Waly S202; spe. Gi-77 
>¢‘Mackenzie, J. G., "Economics of Grain - Fallow Rotations 

and Fertilizer Use in the Prairie Provinces", Canadian Farm 


Economics. Vol; 3°>No. 3 Aug. 1968. 
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than 75% of fallow yields, then continuous cropping becomes 
favourable. The author feels that the practice of farmers in 
EReeDar eB rOwnesoulezconesta adepima wiyjeei/2 or. t/3-27¢ 
system has been realistic given the price and yield 
Sibuat1on and production costs. 

In 1970, Mackenzie*®’ studied crop yields in the Dark 
Brown soil zone and concluded that there was no evidence to 
Support the hypothesis that yield of wheat was influenced by 
the erop preeeeding it in the retation., He found this to be 
true, whether the two crops followed one another in 
immediate Succession or even when a year of summerfallow 
intervened. In 1978, Zentner and Lindwall** examined the 
economic feasibiltiy of using improved herbicides as an 
alternative to mechanical tillage in controlled experimental 
plots. Their results suggest that substantial savings in 
labour, fuel and oil, machine repairs and overhead costs are 
possible with zero tillage. However, they caution against 
blanket recommendations for widespread adoption, until much 
more investigation into agronomic and economic aspects of 
zero tillage vs done, Also, this investigation should be 
Site -speciiic sto be worthwhile. ihevauthorseconciuded that 
in those areas where yield advantages are high coupled with 
low herbicide requirements, zero tillage would seem to have 


greatest potential. 


e’Mackenzie, J. G.;, "Fallow Versus Stubble Yrelds” , Canadian 
UoupRaneOr Plant Science Vol S0n91270. soreGs o-566- 
5*7entner, R. P. and C. W. Lindwall, "An Economic Assessment 
of Zero Tillage in Wheat - Fallow Rotations in Southern 
Alberta", Canadian Farm Economics Vol. 13 No. 5 Oct 1978. 
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In 1978 Johnson**® assessed the net returns to land 
labour and management, arising out of different crop 
rotations in Western Canada. Comparisons of income and 
expenses were made for "typical" Western Canadian Farms 
locatedsinvalliscoilezones, For the ESstivan-Melita area, 
located in the Dark Brown soil zone, the 1977 yearly net 
ValueeoOl COLAaLICONS ranged fromet2i.92 per acre: for a 
tallow-wheat-oats rotation £060°$49.10 per acre for a 
fallow-rapeseed rotation. He concluded that oilseeds grown 
alone or in combination with cereals gave better annual 
returns than cereals grown alone. Also, for cereals, a three 
year fallow-wheat-barley rotation gave higher returns than 
three year rotations with oilseeds and cereal grains. This 
study relied extensively on secondary data and 1977 prices 
were used. The author points out that the absolute cost and 
return figures may be suspect due to the fact that 1977 
prices for all grains and oilseeds were higher than the 
previous ten year average. Similarly, yields for most crops 
on stubble and fallow were also higher in 1977 than the 
previous ten year average. 

Zentner et. al.**° made an economic assessment of dry 
Vancdeecoupingupsograms wnethenGanadlangPrainies pin O70 ihe 


authors contend that the choice and implementation of 


-eJonicon le Man BConomic Afialysis sof (CropeRola cl 1onsain 
Weaternecanada", Canadian Farm cconOmics Vole g is No. 5 Oct 
1978 


‘?7entnere Ry P. ety al. "An Economic, Assessment, ofeDry Land 
Cropping Programs in the Prairie Provinces: Expected Net 
Incomes and Resource Requirements", Canadian Farm Economics 


VOUSNIGeNoO., 4 Auge, 1972. 
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POpUinal @cropping programs atmtarm level and the success of 
such programs depend upon the physical considerations, 
economic variables and the organizational abilities of the 
farm manager. Making the assumption that development of new 
technologies such as improved herbicides may have improved 
the competitive position of more intensive cropping 
programs, the authors investigated three criteria of 
cropping program selection. These were expected net income, 
seasonal resource requirements (especially labour) and 
income variability. Using simulation methodology, a case 
farm in The Dark Brown soil zone was simulated over a five 
year period, for different crop combinations. The authors 
found that the the crop combination having winter wheat on 
fallow and barley on stubble generally yielded highest 
expected net incomes. The ranking of crop combinations 
however, was senSitive to the price situation. With average 
prices, expected net income was highest for the 1/3-2/3 
evopping program. With? low grain) prices, high) fertilizer 
DElces OL high Vabour prices se ties 1/2317 2 ctopping: program 
Was dominant.’ Continuous cropping was best with hagh grain 
bEices, » low fertilizer prices orslow labour prices. 
ASapoIntced= out by ther aucnons eine —cesullliomoiecuchea 
study are notenecessarily applicable to all farming 
Situations because differences in resource supplies, 
financial positions, Economic expectarionssanderisk 
preferences will cause the cropping program to differ at 


indsvidual farm Level. 
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SINngGe cropping program decisions are thought to be 
Strongly influenced by income variability arising out of 
price and yield risk, the authors‘*' examined differences in 
income variability among rotations and crop combinations. 
The trade-off between level and variability of expected net 
income was shown through expected net income calculations 
for specified levels of maximum income variability. The 
results indicate that for the Dark Brown Soil Zone, the 
winter wheat - fallow rotation produced the highest minimum 
expected net income at high levels of risk aversion and low 
or average grain prices. At low risk aversion levels, 
continuous cropping yielded the highest minimum expected net 
income for all prices. The authors conclude that the 
trade-off between expected net income, seasonality of 
resource requirements and income variability (risk) explains 
why farmers in the Dark Brown soil zone select differing 
crop combinations, and practice different rotations. They 
feel that the current cropping practices of farmers 
therefore, can be rationalized based on economic grounds. 

Related research done by Roger Johnson‘? at North 
Dakota State University, suggests that summerfallowing 
reduces year-to-year income variability and improves 
Stapruity Of production and distribution ot seasonal work. 
Johnson’ ports out that higher wheat prices tend to favor 


“e7entner wm. Ps et. al., “An Economic Assessment iol Dry 
Land Cropping Programs in the Prairie Provinces: Income 
Variability") Canadian FannsEconemics Voltenls Noonéabec:. 
leer 

‘2"Wheat - Fallow System Sometimes Pays - North Dakota’, 


Grainews Aug. 1980. 
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continuous cropping while on the input side, higher nitrogen 
prices tend to increase the value of nitrogen accumulated, 
making summerfallow more economical. Thus, he expects that 
in North Dakota summerfallow acreages will only be reduced 
gradually, unless crop prices spiral upwards. 

Bennet's*? work done in Saskatchewan, has determined 
that more intensive cropping is only feasible at high grain 
peices on eheemost productivescouls.1Oneag (7 3-2/3 notation; 
and $4 per bushel for wheat, he calculates that 13.8 
bushels/acre must be produced to break even. At $5 per 
bushel for wheat and 25 bushels/acre on summerfallow, 
Stubblescrop yield has to be 89% cf fallow crop yield to 
break even. 

Zentner et. al.** performed an economic analysis on the 
Pirstei2eyearsvot (results on aglongqgtermerovation study an 
Swift Current, Saskatchewan. Under most input and product 
price assumptions, the 1/3-2/3 cropping program 
(fallow-wheat-wheat rotation) was the most profitable, 
although producers selecting this rotation must accept some 
addrtionaleyileld gisk or mneome variability se Thesauthors 
feel that based on current information, Saskatchewan 
producers farming on) Brown soils; should consider more 


intensive cropping. They recommend continuous cropping only 


o-Bernetwk to seca of Not towseceduscubler a Grainevs, 
Sepa.) 19S 

“7enener, et. aia,  Minst) 2) Yearsvot a Long=lerm Crop 
Rotation Study in Southwestern Saskatchewan - Economic 
Considerations", Contribution from Research Station, 
Research Branch, Agriculture Canada, Swift Current, 
Saskatchewan, 1983. 
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i Periods of high-expectediqraim prices and: grainedelivery 
quotas. Producers who do not have the financial capability 
tO withstand majorviluctuations: in, imcomevand to ipurchase 
additional resources, should not consider continuous 
cropping. Furthermore, continuous cropping should be 
accompanied with adequate crop insurance. Producers who are 
highly averse toe risk, should continue with the 172-172 
eropping system. The authors poimt out that the study 
ignores the long term negative effects of summerfallowing 
Wsalingty, erosion) "ands tte) relatech costs, sPurther research 
1S required to estimate the full costs associated with 


different crop rotations. 


D. Summary and Conclusions 

In summary, it would appear that most researchers, 
depending upon their particular research discipline, have 
concentrated on specific aspects of the problem of selection 
of cropping programs. A systems Simulation approach as used 
by Zentner, appears to have the greatest potential to study 
this problem taking into account a. une welevant 
biological, technical and economic varizebles~. Short—run 
Studies, making dubious assumptions about input costs and 
product prices are not likely to be beneficial. Similarly, 
Site-specific studies on the agronomic and economic aspects 
ef different eropping systems are Sorely needed, so that 
specific recommendations can be made to producers. Further 


research needs to be conducted on the quantification of risk 
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as it relates to moving from less intensive to more 
intenSive cropping systems. 

From a societal point of view, it appears that 
summerfallowing is bad because it contributes to soil 
erosion and other soil quality problems but from the 
farmer's point of view, it would appear that short run 
economic considerations outweigh long run considerations. 
Institutional intervention, however, such as government 
programs designed to reduce risk, may induce producers to 
seriously consider increased cropping rates, thus reducing 
the long run deleterious effects of excessive 


summerfallowing. 
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IV. DATA AND METHODOLOGY 


A. The Study Area 

The study area in the Dark Brown soil zone is located 
within the Drumheller-Three Hills-Strathmore-Rockyford 
region of the province of Alberta. This area was chosen for 
study, for several reasons. The study area, located in 
Census Division 5, has been one of the highest wheat 
producing regions in the province and Census Division 5 is 
anticipated to have the highest potential increase in 
production due to reduction in summerfallow acreage, by the 
year 1990, ° 7% 

Eleven farmers who are current participants of the Farm 
Management Field Lab Program of the Department of Rural 
Economy at the University of Alberta, are located in this 
area. ** Over the years, these farmers have been encouraged 
to keep good records of their farm businesses. This 
pareicular group Ob farmens Lormedechemnucleussor che wsrudy 
sample. 

Technological change, as it affects farmers, is vividly 
exhibited in this region of the province and the contlicting 
features of different types of cropping practices are very 
apparent, and provided a unique opportunity for closer 
study. Furthermore, a research grant provided for this study 


65G, D. Weaver et. al.Prospects For The Prairie Grain 
Industry, 1990 Research Report, Canada Grains Council, Nov. 
jechewa genek Vie 

66T,, Bauer et. al., "The Farm Management Field Laboratory 
Its Concept and Objective and the 1980 Business Summary", 
Depp nural Econ. U] OF Alleriay, Novas io = poe 7. 
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by the Alberta Research Trust Fund, emphasised the need to 
BNOW MOLE “about cropping practices in this particular area 
Of the province. In general, it was felt that this area 
provides a good representation of continuous cropping as 
practised in the Dark Brown soil zone of Alberta i.e. the 
Zone OF MarGiumalrey £00 thaswparticuiar king ef cropping 
program. 

The study area 1S bounded by Townships 20 to 32 and 
Range 14 to 26, west of the 4th Meridian and is shown in 
Fig.4 1 

The study area, although falling within the Dark Brown 
Soil zone, has been divided into two Agro-climatic zones 
1.6. AGrO-Climactive zone | andmAgqro-climatic zone ZA. 

The Province of Alberta has been broadly divided into 
Six different agro-climatic zones or areas which have on the 
long term average, Similar climatic characteristics for 
cropping purposes. The lines that divide Agroclimatic zones 
are broad transition belts. Although shown on a map as sharp 
definitive boundaries, they should not be interpreted as 
portraying sharp changes in climate from one zone to 
another. 

AGrO-c Mimabhic Zone Ni Genores areas where the amount) of 
Precipitation nas Usually peenmadequale: and» the frost einee 
period is considered long enough for all dryland crops in 
the Prairies. On the average, the frost free period is over 
ninety days and annual precipitation has averaged 16 to 18 


Siches. Agro-climatic zone 2A consists of ‘areas where the 
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Figure 4.1 
The Study Area 
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amount Of precipitation, in approximately 50% of the years 
Since weather data became available, has been a limiting 
FaCtTOr sO CrOp growth. The frost tree pertod is reportea to 
have been long enough for wheat maturity, without frost 
damage. Fig. 4.2 sshows the Agro-climatic zones of Alberta 
and the location of Census Division 5. Fig 4.3 shows the 


Study area by soil classes and subclasses. 


B. Dark Brown Chernozemic Soils 

Dark Brown Chernozemic Soils make up about 42,891 
Square miles or about 1.2% of Canada's land area. *’ They 
are found mainly in Alberta and Saskatchewan, forming a 
semi-circular belt varying from about 40 to 100 miles in 
width, through Central Alberta and Saskatchewan. They are 
bordered by the Brown and Black soil zones on the south and 
north respectively. Small areas of Dark Brown soils occur 
within the main Brown soil zone as for example in the South 
Eastern part of Alberta(Cypress Hills). Dark Brown soils are 
predominantly used for agricultural purposes with wheat 
being, tne Madheerop. In ali, abouts /04.00 dalilethe Dark Brown 
Soils are cultivated and the clay and clay loams with high 
morsture: holding capacities, are the most productive. 
Coarser textured soils are known to have suffered from crop 
farlures* in very dry periods... Although Dank Brown wsOonle=are 
inherentiy fertile, MOlSture remains Lhe wmatieimicaLion or 
Sroprgrowth. Thus tillage practwces have beenginethe main; 


“Wes clayton 6teal., (‘SOllS ObeCanada Canada lent, Oh 
AGP Ca pavolen (opp 04. 


“iM. yr ! 


orney aaf a oe 
pivinds! abel wad .ptcar: ~~’ 
o¢ eR Bh Robina 26°) "OF lO oae ne ¥ 
seeed GUBHSUW (ctivoten «ov sot ne want eee vs ; 
Apuetid 2 gates sijwe!/o-o Ted a ens DIO EE ~ quam . 
ren a oT ee T suit) Le adhered ety GARD 


Ny _ 
ae we ooh £@80GL) (ine fl Gees aaae 


Ad aluecwas wh) award Gad F 


DRUGS misdw -y) 9 "Fag eoohipveai\: deav® Cie : 
ron" one bigd Pio Ye Of ween 28 Golie emi 
may! tt AVIVA rt « ron seid d oor aw Smiet eis 

a 

eilm O04 b; ' 4 anise! Sie :yiuad a hdas 


ee VOT OWE MIG iesE “ve rill tase. Gossage Aobbe 


DRe CIUHR) CAT ii ia hie vm tS. aay vd) 
WiV9O BPTI WVHSR vnc ' *s (VG? .¥ABeS2SRgEes 
4auee Gils di. Soyeinaw "44 af abbs J bee @eo eh pee) oes 
208 B1i08 OVO HOSED of eli di dee) 1G GIA 16. 20a 


segdy vigin Raabe 2 ou eucdupe 10d, Bea 
G66n8 @900 SUS<i fe 16 66 lutte fla dt dete 
Atyia ad halen San yadoropks: fe . star : 

P 2a00 edt ste Vea 


Figure 4.2 63 
Agroclimatic Zones of Alberta 
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Devt. Energy, Mines and Resources. 
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geared towards moisture conservation and prevention of soil 


erosion, with summerfallowing being a common practice. 


C. Data Requirements and Limitations 


Cropevieids 

Expected yield differences between stubble and fallow 
epops and their long term varvability, are ehougnt tosbe ot 
considerable importance to a producer in the Dark Brown soil 
zone, wishing to consider continuous cropping. Crop yields 
however, are influenced by soil characteristics. Soil 
classes are groups of soils with the same degree of 
limitation and soil subclasses are soils with similar 
limitations and hazards. 

The classification of soil capability tor agriculture 
is based upon three factors. These are the climatic, 
landscape and soil factors. Although crop yields have 
traditionally not been important in soil classification per 
se, they were one of the factors implicitly considered, and 
from the viewpoint of thesproducer, “are all important. 

With the advent of the crop insurance program in 1964, 
the Alberta Hail And Crop Insurance Corporation (AHCIC) ‘has 
been cecording yield data for grainseandeoilseeds;, im all 
Fisk areaseot the province. This data;eion the tsStudy area, 
was provided in the form of a computer tape. Only spring 
Wheateebarley and rapeseed ane scomsidered win Lhis Study, tas 


these are the predominant crops grown in the area. Yields 
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were made available for the three crops on stubble, 
fertilized stubble, fallow and? fertilized fallow. The 
advantage of using AHCIC data for yield analysis was that 
all observations on yield were made by legal location. 
Information on soils for the study area, by legal location, 
was made available by the Soil Survey Section of Agriculture 
Canada, Edmonton Branch. Only the yields for the ten year 
period 1972-1981 are considered in this study as it was felt 
that only in the last decade or so, has rapid technological 
change become an important factor affecting relative 
positions of different cropping programs. Furthermore, 
producers in the area are likely to be more interested in 
yield relationships of stubble and fallow crops of the last 
few years, rather than historical yield trends. 

One limitation of using AHCIC yield data is immediately 
obvious. These crop yields are farmer reported estimates and 
not measured yields. However, at the time of study, they 
were the best available and most conveniently obtained ina 
form that permited rigorous analysis, for the purposes of 
Enasestudy. Although thevanalysis*ofedata was donerar 
Considerable computing costs, thes task ereseliwwas 
facilitated due to the compiling and coding that had been 
aoneevich parueor the data, tor sanvearkier study. =. 


The compiling had been done according to the following 


procedures: 


‘® Peters,T.W. and W.W.Pettapiece, “Crop Yields in Alberta: 
Preliminary Relationships to Soil Capability for Agriculture 
and Soil Type",Alberta Institute Of Pedology, Contribution 
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1. Agro-climate: assigned by plotting the yield locations 


Onvene 1227500, 0008map of Agroclimatre areas of wAlberta. 


SOvumCapability for aqricubture icolaScitication: was 


NO 


determined by the 1:250,000 Canada Land Inventory 
Series. 

3. Only the Dark Brown soil zone was considered in this 
study and was identified by the Soil Group Map of 


Alberta shown in Fig. 4.4 


Land capability parameters that were included in the 


study and coded accordingly were agro-climate, soil 
Capability Porvagriculture, soll zone;. parent material, 
texture and soil series. Productivity data that were 
available included four management types i.e. stubble 
fertilized and not fertilized, fallow fertilized and not 
fertilized for spring wheat, barley and rapeseed. The 
remaining variables were farmer-reported yields and the 


reporting year. 


Although there were a total of 96,000 observations of 


yield on the three crops over a period of ten years, in 


years there were less than 30 observations for specific 


some 


management types and subclasses. Such groups with less than 


80 individual yields, although analyzed and reported slater, 


cannot be regarded as a reliable indicator for specific 


assessments. The procedure of analysis and the séesults are 


déetarled in chapter 5. 
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Farm Survey 


Several years ago, when a relative of mine asked me 
what my research involved, I explained that I was 
using mathematical techniques to estimate how 
farmers would respond to changes in Government 
programs, prices, and so on. Unimpressed my relative 
replied, "If you want to know what farmers would do, 
why don’t you ask them?" The question has nagged me 
ever since. 


68 

The above quote adequately describes the merits of 
doing a farm Survey if the object is to determine what 
farmers would do given a set of changing variables. A farm 
Survey was done for this study to determine the bio-economic 
processes that typically go on in commercial type 
operations, and to ascertain farmers' opinions and beliefs 
regarding different cropping programs. No attempt was made 
to select a random sample of farmers in the study area. 
Instead, some broad guidelines were established to reflect 
the selection of typical commercial operations with a family 
farm orientation. Such farmers are usually well aware of 
technological changes taking place in the area and generally 
have a tendency to be buSiness oriented. Although the 
farmers selected tend to be superior managers, this is not 
thought to be a drawback. Indeed, the 20% of Alberta farmers 
who Gan be Categorized aS commercial Operators, account for 
BO% of all agricultural production. Basically, the farms 
selected were: 


1. between 2 and 4 sections in area 


‘°M, Anderson, “Factors Affecting Summerfallow Acreage in 
Alberta" Environment Council of Alberta. August 1981, pp 54. 


hota 


it 
. 
- 
ie 
a 
“ae 


eal i, wesuel. . aq \ ) 2.90 ores! 

smpenie-al< | | ntaf wo! écsk pay wee: 

seq> faiaireln | ({asinv? 124? enseesogy 

Th mer fe ‘ i203 Teoes = Cas ono i te79q0 7 

wen eau Saers5) on “ote pr tattet 2091056.08 ihe 

S70, YRuU74 7 PTs? atpv wacsey &, Somtas a 

i323 et Sedstt ae -shive 1 eon (Besta 

golmsd -« Be de eootieidg: ««'> scto> seoigy ta neleeesee 

[sana SISW rhew ru. 4% i262 ile 0. fetegite } 

eleawsts EAR GAG 91°- 74,9 lc) @epiiete lasigaio 

“ic nyverstr oma! 12 geetadrt wh ce tonsa a ee 

324) O45 “it eremacice sau2. of es ‘ata berslee &: on 

koeeari apart A 2 SERS Gils vo pte Ss Foseiiege uot 60 3 

aa, dndenaa WSreangay. LAr snares ag Sede wo 98 
; : 


cf Gee AE ettistees «ot: ainera! fama 
betel cap 


2. commercially oriented operations with capital investment 
ranging from $800,000 to $15,500,000 with annual gross 
income from the crop sector of between $100,000 and 
$300,000 

See Gall located in: the Darky Brown! soOllm zone) clustered “in 
the Drumheller-Three Hills- Rockyford region of the 
province 

4, grain and oilseed producers 

oS. welleorganized, with-accurate, econtinous: information 
about their operations 

6. broadly divisible into groups representing continuous 
croppers and non continous croppers. 

Grain producers on Dark Brown soils, who are current 
participants in The Farm Management Field Lab were selected, 
as they fit these criteria well. In all, 22 farmers were 
Surveyed. Time and budgetry constraints did not allow for a 
larger sample. It was felt that obtaining precise, 
continuous data from a small number of farmers, by the 
personal interview process, wasS most appropriate for this 
study. 

The 22 farmers selected for this study, were broadly 
Givided into three categories. The first category of farmers 
had 67% and less of their cultivated land under crop (group 
1). The second category had greater than 67% but less than 
90% of their cultivated land under crop (group 2). The third 
category of farmers with a eroppingitatey of S0,norlgreater 


were defined as being continuous croppers (group 3). Each of 
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the 22 sample farmers was interviewed extensively about his 
Grain production practices and his opinions were sought on 
cropping systems and technological changes taking place in 
the study area. Appendix I contains a sample questionnaire 
used =in this’ study. The results of this®survey are reported 


and discussed in Chapter 5. 


The Systems Simulation Approach 

Agriculture is basically a biological system. Although 
it 1s being increasingly viewed as an economic system with 
Supply and demand functions and dollar balances of inputs 
and outputs, its fundamental qualities remain biological. 
Problems of farm management in general and the decision 
making process may be studied with greater effectiveness, if 
the farm is viewed as a bio-economic system. 

At the farm level, many different enterprises compete 
for the farmer's limited resource base. The complex variety 
of factors that affect farming and the interelationships of 
these factors make isolated farm planning decisions 
impractical. It is therefore necessary to view the process 
Steiarm planning» from ther point, of Vvrew or Ther whole farm, 
Several mathematical programming techniques are available to 
aid the decision making process, in a whole farm situation. 

Frequently used methods are Linear Programming (LP), 
Quadratic Programming (QP), Mean Absolute Deviation Approach 
(MOTAD), Game Theoretic Approaches and Systems Simulation. 


The suinears Programming approach) sulterce frommitsecritical 
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basic assumptions of risk neutrality and linearity of 
objective functions and constraints. The Quadratic Risk 
Programming and MOTAD approaches, although superior 
techniques, are computationally demanding. Game-Theoretic 
Approaches are criticized on the grounds that they are not 
based on the axioms of rational choice. 

Systems Simulation however, provides a means by which 
the complexities of the whole farm planning problem can be 
studied without requiring unduly restrictive assumptions. 
Dent and Anderson’°® define a system as: ...@ complex of 
factors or elements that are interelated and integrate in 
such a way that a change in one component can affect some or 
all of the other components. It implies that a conceptual 
boundary can be erected around the complex as a limit to its 
identity and organizational autonomy. 

Systems simulation then refers to the development of a 
model that adequately represents the farm system under study 
and the subsequent investigation of the behavior of the 
model to changes in structure and policy. The technique 
essentially eliminates the possibility of looking for 
epeinalesolutrons, but permuts =theugeneratvon ol ett icrent 
farm plans which may then be compared and contrasted using 
stochastic dominance concepts. Perhaps the most serious 
limitation of the systems simulation technique is the 


immense complexity of the computer models necessary to 


7° Dent, J.B. and J.R., Anderson Systems Analysis in 
Agricultural Management John Wiley & sons, Australasia Pty. 
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represent the system under study, and the computing costs 
associated with generating an array of efficient plans. 
However, the method allows the user to perform experiments 
onvkey economic variables, and fom the purposes cf this 
Study provides a means of evaluating the economic 


consequences of various production and managerial decisions. 


D. The Dry Land Crop Enterprise Model 

Ehe Dry band Crop Enterprise Model "* used an this 
Study, is a whole farm simulation model of dryland cereal 
and oilseed production in Western Canada. The model is a 
Gomputerized, multi-period, non-optimizing, 
budget-generating tool. A wide array of production plans can 
be generated for the case farm for a ten year period. The 
strength of the model lies in its flexibility in allowing 
changes in economic variables, to accomodate differences 
between farms in terms of size, location, financial 
considerations, management characteristics, cultural 
practices, etc. Institutional considerations and government 
programs are also included to accurately portray a real life 
farm situation. 

The model itself is made up of three components; these 
being a computer program, a base data file and a control 
Gatact wevac a blustrated 1n Hid. 4.5. .The Computer progran 


contains the mathematical relationships and 


Rope 7entner, t. al., A Samulation Modded For Dryland Crop 
Production In The Canadian Prairies", Agricultural Systems, 
Vole eo. 4 Feo 7 eo Dp etiocol. 


wwszTaos 2 DMS #- 


SHAIPR IG sessiQnGs &\- 


one @aicanrd! 39151 Assi 


7 = 
° 


as Che a _ 


dotisLinimA” 
ies tm : a 


ran: weasege StF Sapne tgs? . 
tacetey tofe Benetsouse 
sile easew wht “Anwanen 
sidapeae Sigenepee ‘ges fe 
ai , =9h)V050 yieza 


ovs*nipetnss 


wen oe sar! q2a aT sg 


je &agnersa 

si espreel> 

Bi s@7a) ovevice 

sé4 7 Sg Ci aoe javetianes 
® ,Revlsagnwy 


mis 698 #Garpony 
ons Sous beotasd 


esch pen of in. 
_ hed 2edeaes se ahead 


rt 6 as atti mee ele: wine 


2 


Figure 4.5 
Components of the Simulation Model 


Source: 


R.P. Zentner, "Prairie Agricultural Farm Simulators 
(PAFS)", Swift Current, Saskatchewan, 1982. 
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mrterelativonechips of all the key biological, physical and 
economic processes that make up the whole farm production 
Situation. The base data block contains all production 
coefficients, product prices and other economic and 
technical parameters for average farms in Brown, Dark Brown 
andebiack soil zones.< The controlmdata bile, which isea 
supplementary unit to the base data block allows the user to 
Specify values of production and technical coefficients for 
the individual farm situation. The user provides this 
INnEOEMAtLLTOn: through an inpue form: 

The case farm 1S Simulated for a period of ten years 
through three stages. In the first stage, all information 
contained in the base data block and control data block are 
read and the model then proceeds to select a set of 
production alternatives which will constitute the farm plan. 
The second stage involves the identification of all tasks to 
be performed and availability of physical resources to 
perform these tasks. In the third stage, the model compares 
available resources to required resources, through a 
budgebiyng process, Stages two andmthreesare then vepeared 
for ten years to complete evaluation of the plan. Several 
Sucheplans¥are evaluated to select the “best” plan~ in 
accordance with the objectives of the model, the “best” plan 
Poeincteane optimal esclution, DUEE Ene pplange ithe r ne nignest 
terminal net worth, from all the plans evaluated. Appendix 


II presents a schematic diagram of the three stages of 


operation. 
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Mode of Operation 

The model is flexible enough to be operated in an 
Optimization mode or a budget mode. The budget mode was 
selected for this study since farm size was to be specified 
and héldsconstant for the duration of the simulation 
process. This was necessary to enable comparison of mean 
ending equities for different cropping strategies. In the 
budget mode, the model simply purchases or rents any 
resources that are limiting and gives no consideration to 


credit limits or resource supplies. 


The Input Form 
The input form allows the user to specify the following 

information: 

fe “All “resources “availabhe for production; 

PomelTyoes Ofucrops (to be produced, Fcrop managementaesystems 
to be considered and operational schedules, 

GeePrices: paid for inputspand: productie, 

4. Modification of production coefficients in the base data 


block to reflect the case farm situation. 


Output Format 

For each year of the planning horizon and for each 
production plan calculated, the following output tables are 
available: 
japeAglusting of all farmeassetSatogethern@withatherr 


estimated present value at the start of the year, 
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Zo rr Sound Cot valsk farmnvassetouau she sendson the calendar 
year with adjustments for acquisitions and disposals, 

3. AQirstingwor falleresourcestlows on a bi-weekly basic, 

4. A bi-weekly flow of crop receipts and expenses, 
miscellaneous receipts and expenses and cash balances. 

5. A listing of quantities of grain sold and prices 
received. 

In addition to the above, a number of summary tables 
for the ten year period are available. The first table 
Summarizes all physical quantities of grain produced, sold 
and carried over together with labour utilized. In addition, 
it contains farm financial information such as debt and 
asset position, net farm income and ending equities. The 
second table summarizes all receipts and expenses, changes 
in inventory and details of the cropping program followed. A 
more complete description of the crops produced, fertilizers 


used and resulting yields appear in the third table. 


E. Selection of Case Farm 
The farm level simulation model of dry land crop 

production described ian this chapteruwas used to simulate a 
case farm that was selected from among the 22 sample farms 
Surveyec. Although no Statisticalsprocedures were wisediuin 
theaselection process, tie tase tarm selected wes welt to 
represent ithe typical situation an icheystudy arearihe case 
farm also exhibited the following characteristics that were 


felt to be desirable for a more reliable simulation: 
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1. the farm manager had kept detailed records of his farm 
business for a number of years and had good records of 
prices and yields obtained, 

2. at the time of study, the farm manager was practicing a 
1/2-1/2 cropping program and was considering more 
intensive cropping but wanted some idea of the economic 
consequences, 

3. the farm manager was very cooperative and all production 
and financial data were made freely available. 

The case farm is located about 15 miles north west of 


Drumheller. 


Production Information for the Case Farm 

Several visits were made to the case farm to obtain 
detailed production and financial information. A complete 
inventory of all tillage and planting machinery, harvest 
machinery, tractors, grain storage and machinery storage 
facilities was identified by size and year of purchase. 
Grain inventories as of Jan. tst 1982 were obtained and land 
was divided up on the basis of tenure. Acreage estimates 
were made only for cultivated land used for cereal and 
oilseed productions The Case tarmyconsistedm ot 17,100 
cultivated acres with 790 owned acres and 310 acres rented 
on a 1/3-2/3 crop share basis. Other assets (parts, 
fertilizer and supplies, other buildings, improvements and 
equipment) amounted to $50,000 and the farm had a debt load 


of $40,000 at the start of simulation. 
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Crop Production Decision Alternatives 

The model permits production under seven different 
rotations. However, only three different rotations are 
consideredsin this study. These are the 1/2-1/2 cropping, 
1/3>2/ Ss cropping and continuous cropping alternatives. The 
crops considered for the case farm are spring wheat, barley 
and rapeseed with the upper limit on the proportion of 
cropland sown to barley and rapeseed respectively, being 20% 
in any one year. 

Normally, spring operations start during the period 
between April 23rd and May 6th and this was specified 
accordingly in the input form. The number and type of 
preseed and postseed tillage and planting operations, as 
well as harvesting operations for stubble and fallow land 
were specified. The number and type of operations for the 
preparation of summerfallow were also included. The case 
farmer used a discer for planting and a machine attachment 
for fertilizing. Pre-emergent weed control was normally done 
Prthem calle tory both Sstubblesendstallow crops vA tield 
operations such as swathing, combining and drying were 
performed by the farm manager himself with some hired help, 
usually during harvest. The only custom work performed 
involved hauling of grain to therselevator. Grain was sold 
both to the Canadian Wheat Board (CWB) and offboard. His 
crop insurance program covered all crops at 70% yield 
coverage with medium price coverage. He also participated in 


the Western Grain stabilization program. 


At 


™ 2 


navhtarzot ls ae 
sy04e04 th Yount Tenis >| + hess astosaiey | 
avy @nei Sadar ine tsTi oa ee rene navel 


a 
* 


-s ecott «(buge alana aoe bean 


A ron) 
As hee hie poleqgees EXE - 


ont Aol Sen } - 
vmi SAL "een o 9 Qh) ao? ce alata il hv he aes 
jiot? | . eipe hfs Pate 
sya) er? } oe) ia) @2 eee bral 
.269y BAS Gne 
g Ser is Bi * 1S cy pane ) ‘ Leqreht 


‘am Sng 3 ; > asewsed 


sney dus as - ‘weet 64!) @) @igaiisesse: 
i) LL .f ito teustesq Bae Benehas 


& é 
‘ 
foes! i 77 ae | J ° =! € 1c i 126 Vad ae ti 
et: SS2>SNS19S304F 41 wire 2 Sqnien T . best rpege 
—~86% @77 , 018k Bi wl y§teeoue Te neeserne 


ar i5Deed @ . : nr ‘4 ? 44) "4 ? 1958 1¢@ 6 Seag _ 
sant y bdo 84 H ‘ r nae . 5 gists ld itoek 
biatt dup -atracs velfat bos aidedee Ghar eee iat 


aves) Ghiyss ‘Gas ei) br aii oitrthh @» Ae ont 


(Qlaibe tid Ging 4it4 1 eerie (epee ger ae 


104 


- 


Bape be seG(dscw easeys ula: eet 


4 va a Ae 
Bilge wes G6GQ9 .rGteveie ats od Petia” 


jah wine peas be ooking 
a sabes mana <5 
a LS a 


i] 
Ge. 


80 


The case farmer would consider both used and new 
machinery as part of his machinery purchasing policy and it 
was customary for him to sell his machinery at 50% maximum 
userul lite. 

All input costs related to the crop enterprise such as 
Seed costs, weedicides, insecticides, fertilizer and fuel 
were specified at 1981 prices and are actual costs incurred 
on the farm. The case farmer valued his land at $750/acre in 
1981 and this is consistent with prevailing land values for 
the area, at the time of study. 

A minimum of $10,000/year was provided for living 
expenses with the added condition that consumption 
withdrawals will vary with net farm income such that an 
additional 10% will be withdrawn from net farm income in 
higher income years. The amount of federal income tax owing 
at the start of the simulation was specified along with the 
PROV incra lBeasuerd Be}. 

New loans were to be considered for purchases of 
dunablewinpuescsat eles sinteresterate forga ven year eloantand 
19% for a five year loan. 

The slabourn Supply available jonethe arm wasmealculaved 
for each month and the calendar year was divided into 26 
bi-weekly periods. The present labour consists of labour 
supplied by the operator (10 hours/day), his family and 


hired labour. Additional labour, if required is paid for at 


¢8/hour. 
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Modifications To The Model 

Several modifications to the model were necessary for 
the purposes of this study. The model was originally set up 
to calculate crop yields in the Brown soil zone by 
ExpresciNgd ttvas) a LuUnGUTIONsObIsolVl etextlne, Gate or 
seeding, type of seeding machine used, level of spring soil 
moisture, level of residual soil moisture and phosphorus, 
applied fertilizer levels, growing season precipitation and 
grain losses. For the Dark Brown Soil Zone however, due to 
data limitations, yield is calculated as a function of 
applied nitrogen and phosphorous fertilizer only. For this 
reason, and the fact that other variables such as soil 
temperature may be important in yield determination, the 
Subroutine that calculates crop yields based on biological 
and physical factors was suppressed, and replaced with 
actual crop yields obtained. The yield series used was for a 
ten year period (1972-1981) and was a combination of 
recorded case farm yields and average yields for the study 
area. The yield series, as shown in Table 4.1 was repeated 
several times and a computer program written for an earlier 
study enabled the generation of a series of random yields 
from the original ten year yield data. ”’ 

Similarly, the price Senles shown sim Table 4 25yas used 
to generate a series of random prices. This procedure 
énabled the duplication of a "real world” occurance where 


72B.G Monney "An Evaluation Of Farm Management Strategies 
Under Drought Conditions: The Case Of Dryland Grain 
Production On The Canadian Prairies"Unpubl ished Ph.D. 
Thesis, University Of Alberta, June, 1983. 
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TABLE 4.1 


Crop Yields for Case Farm (bu/acre) 


Year Wheat Barley Rapeseed 


Stubble Fallow Stubble Fallow Stubble Fallow 


oe S530 45 46.8 70 1670 PAINS 
ae SIS Bie 54 47.7 75 Ni ae Zor 
1974 oi 6 5 46.6 70 39 PSS) i 
1975 40 50 45 70 18.6 Zo 
1376 25 50 50 6356 tgn9 2003 
eS PT 3 45 35.4 70 i ae) 22.4 
L376 oS 45 48.1 70 2130 Zon 
oes 30 45 50.8 70 Siero 2en0 
1980 oo 50 Bore 80 ZENE Ml 30.6 
(eke 30 45 267.0 80 28.4 Sua 


Source: Farmer's own records, supplemented with AHCIC Crop 
YVielo Data Lor study abear. 
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prices and yields are variable. It should be pointed out 
that the model has the capability to calculate expected 
optimal levels of nitrogen (N) and phosophorous (P) 
fertilizer based on the levels of residual soil N and P, 
Soil moisture at time of planting and expected price 
relationships, but by specifying actual yields that were 
obtained, this operation was circumvented. The case farmer 
however, waS uSing an average of 42N and 20P for crops on 
Stubble and 28N and 20P for crops on fallow. These rates 
were comparable to the fertilizer rates as recommended by 
soil test reports for the case farm, and were also 
comparable to group average rates as determined in the farm 
Survey. 

In addition to the above manipulations to the model, 
the information contained in the data control block was used 
to supplement base data information on all resource supplies 
and financial position and to adjust the production 


coefficients such that they were specific to the case farm. 


Model Assumptions and Constraints 


1. The model separates the land base into 
a. fallowed land, 
b. stubble land to be cropped and, 
c¢. stubble land to be fallowed. 
Acreage allocation of crops to be produced are made 


according to the following order of crop priority: 
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TABLE 4.2 


Average Farm Level Grain Prices in Alberta ($/bu) 


Crop Year Wheat Barley Rapeseed Flax 
Se: 1.84 eS Sei2 3.988 
Wes 4,24 24.50 Sand oral 
1974 3296 on e005 hepa 
i Sie 3458 one Siento: Groom 
1976 2.80 ieee Cana 6218 
Lone, 2.09 io 6.37 5.48 
SEs: 3.66 eanz2 Glace aa 
(eyes) 4.87 ess 6.24 eae 
1980 5.24 2.95 6225 Sa 
1981 D0 5200 Gee25 B.S 


Source: Farm Management Data Manual, Alberta Agriculture. 
ESS 23 
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winter wheat, rapeseed, flax, spring wheat, barley and 
oats. Thus, crops that are to be planted are allocated 
first togfallowed wlandvandsthensto stubble. sAlso1 mo stwo 
rotations may be followed in the same year i.e. it is 
not possible to haveva 1/3-2/3 cropping program in one 
field and a continuous cropping operation on another. 
Fach stage of production can be carried out by a 
particular management strategy that has a specific 
machine complement associated with it. The model first 
chooses the largest machine available in the inventory 
to perform a specific field operation. On the other 
hand, the smallest tractor that is indicated in the 
inventory and that is capable of performing the job, is 
UEGLizedeinrst. 
Machinery is purchased if: 

1) current machines become too old, 

2).s machines “im the ‘Inventory listingvare net 

compatible with the jobs specified, 
3) machine capacity is limiting completion of a 
particular field operation. 

If both new and used machinery are to be considered 
when spurchasing, “aS is the ucase vin thisastudy, 1the model 
selects a purchase age between 0vand 93 
years. Replacement of machines is dependent on type, 
age, annual use and maximum useful life. Replacement 
Size however is determined as below: 


a) Tractors are added or replaced with a size 
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Greater tChan-or equaleto° the current Largest 
Cractor ine thes inventory, 

b) combines are added or replaced with one size 
larger than the largest indicated in the 
inventory, 

¢) all tractor attachments are replaced with 
the largest size available that the tractor 
1s capable of pulling, 

d) self-propelled machines, other than 
combines, are replaced with the largest size 
available. 

The model does not permit deferral of purchases in a low 
income year. 

Loan payments are made once annually with equal annual 
payments of principal and interest. Higher debt payments 
in good income years are not permitted. 

The quota level limitations for grain sales reflect 1982 
quota level changes. Quota acreage is assigned to crops 
in the same ratio as they were produced. Grain 
deliveries are assumed to occur several times during the 
year with equal quantities*delivered each time~ 

Seasonal price cycle” Pluctuatronsstnatr are Dutlc inte 
the model for grains and oilseeeds have been 
circumvented by specifying grain prices. 

Income Tax is calculated annually and paid in three 
instalments. One third of the full amount is paid in the 


last week of December and the remaining two thirds in 
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the months of February and April of the year following. 
There are no "tax averaging" provisions available. 

9. Machine hours and Labour hours calculations take into 
account time spent on field operations only and do not 
reflect total management time. Also, any custom work 
done 1S NCtwlLaken into accountemetne calculation of 
PabouL sUtilaszatrons 

10. All technical coefficients associated with machinery use 
have been calculated from experimental results and 
available data on machinery specifications. 

11. The model is not built to handle deferred grain 


payments. 


F, Strategies Evaluated 

In all, twelve different strategies were set up to be 
evaluated. These strategies are shown in Table 4.3 and from 
here on will be refered to as S; to S;2. S; Signifies the 
base strategy or current Sitvationvof the fasm where a 1/25- 
1/2 cropping systen is practised with no custom hire 
permitted, except for hauling of grain to the 
elevator. Consideration is given to the purchase of new and 
used machinges as and when required, and old machinery is 
sold at 50% of remaining useful life. S, to S3 signify 
changes in machinery replacement policy for a 1/2 - 1/2 
cropping system keeping all other variables constant. Sy to 
Ss Signify the same changes in machinery replacement policy 


fomen.1/3)- 2/3 cropping SyYStem. 957.10 Senate Setusup Lc 
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TABLE 4.3 


Description of Strategies Evaluated 


Strategy Cropping Custom Machinery Purchase Maximum 
System Hire Replacement of Useful 

Policy Machinery Life of 

Machinery 

New Used Sold (%) 


S1( BASE) 1/2-1/2 No Yes Yes Yes 50 

S2 (BED No Yes Yes Yes 33 

S3 (Za No Yes Yes Yes 87 

S4 SOs: No Yes Yes Yes 50 

S5 ae iS) No Yes Yes Yes ee 

S6 WiB—27 3 No Yes Yes Yes 87 

S7 continuous No Yes Yes Yes 50 
eropprngd 

S8 continuous No Yes Yes Yes 33 
cropping 

S9 continuous No Yes Yes Yes 87 
cropping 

S10 2 ee Yes Yes Yes Yes 50 

S14 BFS Yes Yes Yes Yes 50 

Sie continuous Yes Yes Yes Yes 50 
cropping 
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examine economic consequences of changing machinery 
replacements policy for aecentinuocus cropping: system.) Sq qmLe 
Sie WErerset up) to test thevetiect otvallowing custom hire 
asvand whens required for thesthree different, cropping 
Systems. The means and standard deviations of expected 
ending equities are determined for each strategy and by 
Stochastic dominance concepts, the dominant strategies are 
identified. A comparison of labour requirements, machinery 
requirements and crop input costs is made between the 
dominant strategies. Price and yield sensitivity analysis 
was then undertaken to determine the relative positions of 
these strategies and the analysis and results are reported 


and discussed in chapter 5. 
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V. ANALYSIS AND RESULTS 
In*this “chapter, tthe analysis *of (data, the “results and 
the discussion are organized into three sections. The first 
section deals with the analysis of yield data obtained from 
AHCIC. The second section comprises the qualitative analysis 
of data obtained from the farm survey and the third section 
deals with the results obtained from the computer simulation 


of the case farm. 


A. Yield Analysis and Results of AHCIC Data 


Crop Yields in Relation To Agro-climatic Areas and 
Management Practices 

Singe Glimate is the most limiting factor im erop 
growth, the yields obtained from AHCIC were first grouped 
according to agro-climatic zones and then by soil capability 
classes and sub classes. ( Observations of yield made on 
less than 40 acres were considered as being unreliable and 
not considered in the analysis.) Table 5.1 indicates that 
there are differences in crop yields between the two 
aAgro-Climatic zones. A driterence Of means tese indicaces 
that these differences are significant at the 5% level. 
Yield of wheat on fallow is 15.4% higher in agroclimatic 
zone 1 than in zone 2A, with yield of barley on fallow and 
rapeseed on fallow being 15.3% and 8.5% higher respectively. 
Stubble yields for wheat and barley are 9% and 7% higher in 


Climate zone 1 than in zone 2A. A reverse trend for rapeseed 
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Ten Year Average Crop Yields in bu/ac (1972-81) 


Wheat 
Stubble 
Climate Cowes 
Zone 1 k00)) 
Climate Pixar ad | 
Zone 2A (ACh) 


Fallow 


(1 Ores) 


of the mean. 


TABLE 5.1 


Barley 


Stubble 


43 


(1525) 


Rapeseed 


Fallow Stubble 


91 


Fallow 


Figures in parentheses indicate standard deviation 


o2 


is observed however, where stubble yields are higher in 
Agrosclimatice2zonee2A ethan linen. 

The analysis of AHCIC statistics indicates that on the 
average, in agro-climatic zone 1, fertilized stubble yields 
have been about 78.8% of fallow yields for wheat, 74.8% for 
barley and 70.9% for rapeseed. in agro-climatie zone 2A, 
they have averaged 83.4% for wheat, 80.7% for barley and 
81.7% for rapeseed. These results are also significant at 


the 5% level. 


Crop Yields in Relation to CLI Class and Subclass 

Table 5.2 illustrates a comparison of CLI capability 
classes 1, 2, and 3 in climate zone 1. On the average, class 
2 soils yield about 89% of class 1 soils and class 3 soils 
also yield about the same as class 2 soils indicating that, 
in this area, there are no marked differences in yield 
between class 2 and class 3 soils. However, there are 
differences between subclasses t (topography), m (moisture 
Stress) and d (soil structure). Subclass "t" seems to have 
the least effect on yield and "dad" “the greatest effect. Lt us 
also evident that 3t has higher yields than most of the 
Class 2 ang in some cases class |) areas too. The ctopegraphy 
limitation then does not appear to affect yields as greatly 
as would have been expected but might be a factor in net 
returns to the farmer since higher management costs may be 


incurred in farming areas of steeper slopes. 
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TABLE 5.2 


Ten Year Average Crop Yields in bu/ac (1972-81) by Soil 
Class and Subclass in Agroclimatic Zone 1 


Crop 


Wheat 
Barley 
Rapeseed 


- indicates 
analysis. 


Soil Class and Subclass 
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TABLE 5.3 


Ten Year Average Crop Yields in bu/ac (1972-81) by Soil 
Class and Subclass in Agroclimatic Zone 2A 


Crop 


Wheat 
Barley 


Rapeseed 


Soil Class and Subclass 
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Shen SS! = le ule IS ee ed eae 
48.9 = = Ay let Ow eters 509) 47 
22n0 = Se Gor oer li Oe Beal nome ZO eo 


- indicates insufficient number of observations 


analysis. 
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Table 5.3 ‘compares Chi classes 2, 3 and 4 in 
agro-climatic zone 2A. On the average, class 4 soils yield 
about 90% of class 2 soils and again there appear to be no 
marked differences in yield between class 2 and class 3 
soils. Subclass "t" has the least effect and "m" the 
Grearest e€biecr on yrela, sindacating that moisture 
limitation, especially on class 4 soils would be the main 


factor contributing to depressed yields. 


Crop Yields in Relation to Fertilizer Input 

Table 5.4 shows the effect of fertilizer on crop yields 
in agro-climatic zone 1. Yields of wheat and barley on 
fallow land are increased by about 8% and yield of rapeseed 
on fallow is increased by about 20%. On stubble land 
however, the effect of fertilizer is more noticeable. Wheat 
yields are increased by 12.5% and barley yields by about 
Zen 

il agro-climatic zone 2A, ithe eftect of fertilizer ion 
fallow yields is to increase wheat yields by about 19%, 
barley yields by 20% and capeseed yields by 23%. On the 
Stubble crop, the effect of adding fertilizer is to increase 
wheat yields by about 24%, barley yields by 35% and rapeseed 
yields by about 22% (Table 5.9) Due™=to data limitation no 
analysis was done on the amount of fertilizer applied and 
peswertect on yield, 

A detailed annual breakdown of average yields (1972-81) 


for both agro-climatic zones by crop management practice 
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appears in Tables 5.6 and 5.7. An examination of these 
Cables reveals that although sim tne long run fertilized 
stubble yields have compared very favourably with fertilized 
fallow yields for the study area, they are drastically low 
in a poor moisture year. For example, in 1977 the average 
yield of fertilized stubble wheat, barley and rapeseed in 
climate Zone 2A were only 1625 bu/ac, "24.3 bu/aG and 12.15 
bu/ac respectively. 

From Table 5.8 it is not evident that stubble yields 
have tended to approach fallow yields in any consistent way, 
abchough fromeS/77/ to 981, theyshave averaged greater than 
PiprOu tallow yields for tall cuops, In beth: 9/6rand 1977 
Stubble yields on the average have been about 66% of fallow 


yields Lor allj-crops. 


Yield Variability 

TAble 5.9 and Table 5.10 show the variability of 
stubble and fallow yields for the period under study in 
aqgoO-climacie sZOneg ecA anc. Wp. resDeecelVe ly euGene lolly, 
stubble yields have been more variable than fallow yields. 
On the average, fertilized stubble yields in agro-climatic 
zone 1 have about 47% greater variability than fertilized 
falloweyirelde, in agro-climatuc zones 2A, lertilized ctubbie 


yields have been about 23% more variable than fertilized 


fallow yields. 
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TABLE 5.6 


Annual Average Crop Yields in Agroclimatic Zone 2A (bu/ac) 


seein ements inet cn ARR CLA SEEDED AA 


Year Wheat Barley Rapeseed 


ee ee 


Stubble Fallow Stubble Fallow Stubble Fallow 
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TABLE 5.7 


Annual Average Crop Yields in Agroclimatic Zone 1 


Year Wheat 

Stubble 
172 33.60 
Lore SFI 
1974 Bal 
1975 33.6 
1976 20700 
(7% 22.4 
Po7S S056 
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[kone 367.00 
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TABLE 5.8 


Annual Average Stubble Yields as a % of Fallow Yields in 
Agroclimatic Zone 2A (bu/ac) 


Year Wheat Barley Rapeseed 
ee: (IES Sale TA we 
noeS Tie | VES Ga 
1974 861.3 84.4 74.9 
USS: SOns 74.4 Grigg 
hooG 60.3 60.4 Bizenc 
177 6928 64.9 60.6 
1978 Gioaes 86.8 89.4 
1979 82.4 ILE: 3) 88.1 
1980 Sil 0 939 626 
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Variability of Stubble and Fallow Yields (bu/ac) 
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Agroclimatic Zone 2A (1972-81) 

CroD Management Practice Mean Yield s. oes 
Wheat unfertilized stubble Zi Stele tt 50 
Wheat fertilized stubble Zoran OF 37 
Wheat unfertilized fallow ZO FAO: 36 
Wheat fertilized fallow 347A Or 30 
Barley unfertilized stubble Sus) © re 50 
Barley fertilized stubble W308) 15% 36 
Barley unfertilized fallow 44,5 17. 40 
Barley fertilized fallow 53a wi 30 
Rapeseed fertilized stubble he) Oe ie 4] 
Rapeseed unfertilized fallow Loe ele 43 
Rapeseed fertilized fallow CaS eege on 35 
Sele = standard deviation 


coefficient of variation (%) 
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TABLE 55°10 
Varisabilityiot  Stubbleeand: fallow: Yields. (bu/acein 
Agroclimatic Zone 1 (1972-81) 
GEOp Management Practice Mean S. ave 
Yield 

Wheat unfertilized stubble Zao Lie 43 
Wheat fertilized stubble S5le..S 1020 32 
Wheat unfertilized fallow 86.8 960 Eke 
Wheat fertilized fallow S9t7 Si2 21 
Barley unfertilized stubble 36.8 1359 oy 
Barley fertilized stubble 46.0 14.4 31 
Barley unfertilized fallow S750 12.8 22 
Barley fertilized fallow 64% 5 USS ee) 22 
Rapeseed fertilized stubble Loe] Sinise) 49 
Rapeseed unfertilized fallow 21.4 6s 29 
Rapeseed fertilized fallow 25.5 an5 Oi: 
SL Yyohe = standard deviation 


coefficient of variation (%) 
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B. Summary Observations 
PNeCREera HIOnShi prot -enepeyte.ds 16 Sci! and i bimacic 
factors are emphasized in the preceeding analysis using 

AHCIC data. Although the analysis procedure has been more 

qualitative than quantitative, some general conclusions may 

be drawn: 

1. Yields of wheat, barley and rapeseed are related to 
agro-climatic zones with zone 1 having higher yields 
than zone 2A. 

2. Within any one agro-climatic zone, there seems to be a 
definite relationship between yields, CLI classes and 
Subclasses. Class 2 and class 3 soils yield about 89% of 
class 1 soils and class 4 soils yield about 90% of class 
2 soils. There does not seem to be any perceptible 
differences in yield between class 2 and class 3 soils 
in the study area. This may be due to the fact that 
there is a predominance of 3t soils in the study area 
and the "t" limitation has very little apparent effect 
on yields. Subclass limitations seem to affect yields 
differently with the topography limitation being the 
least serious. 

3; Fertilized stubble yields, on the average have been 
about 78% of fertilized fallow yields for all crops in 
bothnagro-climatic zones but stubbllesy1eldsaresmnore 
severely affected in a low moisture year than fallow 
yields. As expected, stubble yields show greater 


variation than fallow yields and as a result, have not 
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tended to approach fallow yields in any consistent way, 
although during the period 1977-81, they have been 
consistently greater than 75% of fallow yields. 

4, The effect of fertilizer input has been to increase 
Fallows yields by 21¢-andrstubblesyields by 27% an 
climate zone 2A as compared to increases of 12% and 18% 
respectively in climate zone 1. 

This analysis confirms certain suspicions about stubble 
and fallow crop yields in the study area, but also shows 
apparent discrepancies that otherwise would not have been 
expected. For example, the claim by many producers who are 
continuous croppers, that their stubble yields have averaged 
more than 75% of fallow yields with adequate fertilizer and 
good management, cannot be rejected too quickly. However, 
more sophisticated statistical tests need to be performed 
with the data to confidently accept or reject such claims. 

There is a need to re-study the topographical 
limitation in the classification scheme because the "t" 
limitation does not seem to be a limitation at all, at least 
im respect toecrop yields in the study area. Agricultural 
Gapability classes were motwbasedyoneyields alone butsas the 
above analysis shows, they are»sclosely correlated. Of 
course, management-related factors have not been included in 
the analysis but would be an important considerations in 
agricultural capability classification. More specific 
conclusions about yield trends and their relationship to 


Soil and climatic factors can only be made if several data 
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sources are compared and valid statistical relationships of 


the variables established. 


C. Analysis of Sample Farms 

All 22 respondents classified their operation as grain 
farms although 3 of them had incomes from livestock 
operations. The sample was divided into three categories 
based on percentage of cultivated land cropped as described 
in chapter 4. The average size of farm surveyed was 1,705 
acres. Table 5.11 presents group average results for the 
three categories for the year 1981. 

The average age of the continuous cropper is slightly 
less than the non-continuous cropper. The continuous 
croppers are also likely to be the bigger farmers and on the 
average have about 28% more cultivated land than 
non-continuous croppers. There does not seem to be any 
Significant differences in machinery investment per 
cultivated acre among the three categories but these are 
qualitative estimates which are examined in greater detail 
in the third stage of analysis. 

Labour was defined in man days with the assumption of a 
10 hour working day in the summer and an 8 hour working day 
in the winter. Respondents were asked to give a breakdown of 
all labour utilized on the farm in 1981, which included 
actual number of hours spent on field operations and 
management time for the farm as a whole. On a per cultivated 


acre basis, the countinuous croppers seem to use far less 
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Item 


Number of farms 


Average age of 
Operator 


Cultivated Acres 
Cropped Acres 
Farm Cash Sales 


Machinery Investment 
[EOE MACCer at, Cost 


Haboury Utilization 
in Man Days /Cult. 
Acre 


Fertilizer input 
/seeded acre (lbs) 


Fesertlizer Cost 
JeLop acre 7in 
stubble 


Fertilizer Cost 
yeropracre win fablow 


Herbicide Cost /crop 
acre 


67% or less 
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labour than the other two categories. Again this result will 
be examined more closely anvithe: third stage of analysis. 
Continuous croppers tend to use more nitrogen 
fertilizer on their stubble crop than the non-continuous 
croppers, with correspondingly greater fertilizer costs per 
crop acre. Also, chemical costs are about twice as much for 
the continuous cropper as compared to those with 67% or less 


of their land cropped. 


Crop Yields 

Average crop yields obtained in 1981 are shown in Table 
5.12. Continuous croppers in the sample reported getting 
about 88% of fallow yields for wheat on stubble. Farmers in 
Group 1 reported getting about 79% of fallow yields for 
wheat on stubble and about 78% for barley on stubble. 

Farmers in Group 2 reported that they obtained about 
72% of fallow yields for wheat on stubble. A comparison of 
Stubble yields for the three groups reveals that continuous 
croppers seem to be getting 24% higher yields for wheat on 
stubble and about 32% higher yields for barley on stubble 
than the other two groups. Furthermore, the yields obtained 
by, continuous croppers for wheat; barley and rapeseed on 
Stubble were about 94%, 92% and 65% respectively of the 
yields obtained by the non-continuous croppers on their 
fallow land. 

Table 5.13 presents group average yields for the 5 year 


period, 1977-81. During this period, continuous croppers 
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Group Average Crop Yields, 1981 (bu/ac) 


Types Ot (Crop 


Wheat on stubble 
Wheat on fallow 
Barley on stubble 
Barley on fallow 
Rapeseed on stubble 


Rapeseed on fallow 


wnOcp applicable 
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TABLE 5.13 


Group Average Crop Yields (1977-81) (bu/ac) 


type Or sCrap 67% or less Greater than 90% or more 
cropped 67% but less cropped 

than 90% 

cropped 
Wheat on stubble Siero 3676 Sw iere 
Wheat on fallow 42.8 49.3 alee] 
Barley on stubble 52 a e6 60 a7 
Barley on fallow 69.6 68.7 = 
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reported that their stubble crop yields averaged about 89% 
of fallow yields for wheat. Farmers in Group 1 however 
reported that stubble crop yields averaged about 76% of 
fallow yields for wheat and about 74% for barley. In 
comparison Group 2 farmers had averaged about 68% for wheat 
and about 75% for barley. An inter-group comparison reveals 
that wheat, barley and rapeseed yields on stubble obtained 
by continuous croppers have averaged about 80%, 87% and 78% 
respectively of fallow yields obtained by non-continuous 
croppers. Although stubble yields for the continuous 
croppers expressed as a percentage of fallow yields obtained 
by non-continuous croppers seem exceptionally high, they 
indicate trends similar to the results of the analysis of 
AHCIC yield data. An inter-group comparison of stubble 
yields for the three groups indicates that continuous 
croppers reported obtaining about 12% higher yields for 
wheat and 17% higher yields for barley than the other two 


groups. 


Stubble and Fallow Management Prior to Seeding 

Continuous croppers seem to manage their stubble prior 
to seeding with considerable difference. Similarly, 
non-continuous croppers seem to manage their fallow 
differently. In fact, there was so much variation between 
the farmers in all three groups, that it was not possible to 
arrive at typical practices for each group. An example of 


Stubble and fallow management for one non-continuous cropper 
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LS presented in Table 5.14. Similarly, Table 5.15 shows an 
example of how one continuous cropper manages his stubble. 
In all cases, soil conditions and amount of trash cover 
seemed to dictate the kind of tillage operation performed on 


stubble prior to seeding. 


Seeding and Fertilizing 

Table 5.16 shows the frequency of use of different 
seeding implements, for the three groups. The Hoe Drill and 
Discer appear to be the most commonly used seeding equipment 
with continuous croppers prefering the Hoe Drill over all 
other methods of seeding. Again, the type of seeding 
equipment used is dictated by soil conditions at the time of 
planting. In recent years, banding fertilizer has gained 
popularity among all groups. The survey indicated that 15 
out of 22 respondents (66%) had banded fertilizer in the 
fall and the remaining 7 respondents were considering this 
technique of adding fertilizer for the following year. All 
respondents indicated seeing real gains in yields by using 
this technique as opposed to the more traditional ways of 


broadcasting fertilizer. 


Machinery Availability and Use, 1981 

A complete list of all machinery and buildings was 
requested from each respondent to determine differences in 
machinery capacity and investment, between the three groups. 


Although there was a great deal of intra-group variations, 
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TABLE 5.16 


Seeding Method and Banding Fertilizer-Frequency of Use 


Item 67% or less Greater than 90% or more 
cropped 67% but less cropped 
than 90% 
cropped 
Number of 7 8 i 
farms 
Hoe Drill 3 5 7 
Press Drill 0 0 0 
Air Seeder 0 2 1 
Discer 4 | 5 


Banding 5 5 5 


Oa 


: e1.2al 
pnt? ae ee 397 gale 


tie 


some broad trends were noticeable. It was noted that 
continuous croppers tended to have newer machinery than 
non-continuous croppers and were also more inclined to 
custom hire for certain field operations. For example, 
Spraying of herbicides was usually done by custom operators. 
In terms of machinery capacity, continuous croppers 
generally had bigger machinery than non-continuous croppers. 
Borvexample;etne standard tvelaweractor for a non-conteinuous 
cropper fell in the 130-150 H.P. range while for the 
eeonemmuous cropper it fell inwthe 220-300 RIP. range. The 
Standard combine for the non-continuous cropper was a 50" 
P.T.O. combine while the continuous cropper, on the average, 
had a 55" self propelled combine. 

The larger acreages cultivated by the continuous 
croppers could account for the difference in machinery 
Capacity. On the average, continuous croppers had about 
twice aS much money invested in machinery as compared to the 
non-continuous croppers, although on a per cultivated acre 
basis, there does not seem to be any difference. However, 
Envomeincarng will ber put LO the wbest mone vigorously ine. 
case farm simulation. 

Table 5.17 shows an example of a complete machinery and 
building inventory list for a continuous cropper while Table 
5.18 gives an example of machinery owned by a non-continuous 


cropper. These were selected out of the sample for 


illustrative purposes. 
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TABLEY S177 
Machinery Availability and Use in 1981 for Non-Continuous 
Cropper 
Item Size Year of Purchase 
Purchase Price ($) 
A. Tillage and Planting Machinery 
Culeivator 26 ft 1971 3, 000 
Rodweeder 26 (8G. 1972 600 
Rodweeder 36, Eu. 1972 4, oo 
Harrow 50 iy 1979 4,900 
Discer PRES fas ee 1978 ilig iar 0028) 
Grain Dryer SiGOm ours 1967 4,000 
bateh 
Sprayer GORE. 1L.Soa7 600 
Herbicide Applicator 26 fis. 1976 600 
B. Harvest Machinery 
P.T.O. Swather Pag Pehehs Fe 1973 2A. 0G 
S.P. Swather Pei e igs 1975 300 
Par O..eCombine 50 ink. 1981 42,000 
Peuce k 3 Ton oe 7,000 
Truck 1/2 “Bon 1979 14,000 
Auger 34 Rt eo 1980 1, 200 
Vr. 
Auger 26 Cex 1966 800 
ine. 
Gamer ractvons 
fee (45 Hoes 1979 B37 0Ce 
on UAW eine 1980 20,000 
3 40 H.P. 1967 3000 
De esuildings 
Grain Storage 59,000 buy = . 
Machine Storage 
i NOV A wis oo.ae5 0) T235 LOs.000 
Gis 
oe 40 £t.x48 1981 30,000 
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TABLE 5.18 
Machinery Availability and Use in 1981 for Continuous 
Cropper 
Item Size Year of Purchase 
Purchase Price ($) 

A. Tillage and Planting Machinery 
Cultivator Aime tae 13Sa ise .510.0 
Cultivator Zonas 1978 ese 
Double? Dise. 24 0b 1og@ 8,000 
Harrow SOEs OS # a7 00 
Hoe Drill 2 Cit. 1974 27500 
Grain Dryer S00 PDUR Daren 1976 123, C100 
Sprayer 60 ft 1978 37, 3:00 
Herbicide Applicator 2 omc 1978 3,000 
Fertilizer Applicator 40 ft 1975 Be 000 
B. Harvest Machinery 
PeL.O2 oWather 20 Gt 1966 1,600 
S.r. Swather 20 EE 1978 12,000 
S.P. Combine Son Un 1979 Te ,000 
Mine k 3 Tons 1974 9,000 
uc 4 Tons 1979 20,000 
Pruck 374 Toen 1963 1,600 
Truc k 3/4 Ton 1970 1,800 
Truck Ad More 1981 Oe OO 
Trailer 108 Ton 1979 Pa, Ney )8) 
Auger SC. here lO an 1981 Se 200 
Auger SuOm asa Atos! IMGs syial 1966 900 
Auger Shey Geek oe Vek th! 1360 1,600 
Auger ZO RE Caer iN ieush | ee A018) 
ConaCcOrs 

1 230 HP 198 1 65,000 

2” PaO) gene) 1978 25000 

ae 130 HP 198 1 26,000 

ase 65 HE (Be leys) 500 
De Burldings 
Grain Storage 90,000 bu. 
Machinery Storage 6 20fic aes ONE te. 1976 105.000 
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D. A Survey of Attitudes and Beliefs 

Eighteen statements dealing with the benefits and 
disadvantages of both summerfallowing and continuous 
eropping were put forth to the 22 farmers in the sample. 
Farmers were asked to rate their responses on a scale of 1 
to 5 where 1 implied that they strongly disagreed with the 
Statement and 5 implied that they strongly agreed with the 
statement. As described in Chapter 4 the 22 farmers were 
divided into three groups. Farmers in group 1 had 67% or 
less of their cultivated land under crop. Farmers in group 2 
had between 67% and 90% of their cultivated land under crop 
and farmers in group 3 had 90% or greater cropping 
intensity. The results for each group are shown in Appendix 


DM vand illustrated in Figure S27 2and figure 522). 


Perceived Value of Summerfallow 


Moisture Conservation 

Fifty seven percent of respondents in Group 1 and 
37% of respondemes in Group 2 aqreed or “strongly agreed 
that summerfallowing was the best way to conserve soil 
moisture. All the continuous croppers disagreed or 


strongly disagreed with this statement. 


Weeds and Pest Control 
Forty-two percent of those in Group 1 and 37% of 
those in Group 2 agreed or strongly agreed that 


summerfallowing was the best method of controlling weeds 
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and crop pests. All the continuous croppers surveyed 


disagreed or strongly disagreed with this statement. 


iryaca Clon 

Five out of 97 respondents insGroup 1 (71%) sand 5 
out of 8 respondents in Group 2 (62%) disagreed or 
disagreed strongly that tradition was an important 
reason in continuing to summerfallow. However, 4 of the 
7 continuous croppers (57%) agreed or strongly agreed 


that this was so. 


Operating Costs 

Four of the 7 respondents in Group 1 (57%) agreed 
or strongly agreed that by summerfallowing, a farmer 
reduces his operating costs. Two of the 7 did not have 
any strong opinions on this statement. Five of the 8 
respondents in Group 2 did not have any strong opinions 
about this statement either, and only 1 of the 8 agreed 
with it. Two of the 7 continuous croppers agreed with 
this statement while 3 of them did not have any strong 


opinions. 


Income Stability 

Forty two percent of “those ain group 1"and 5/% of 
those in Group 2 agreed or strongly agreed that by 
summerfallowing a producer achieves greater income 


Stability. Only 2 of the 7 continuous croppers (28%) 


thought that this was so. 
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124 
Concerns about Summerfallow 


increased Soil Salinity. 

Four of the 7 Group J respondents (57%) and 7 cE 
the 8 Group 2 respondents (87%) agreed or strongly 
agreed that summerfallowing is bad because it increases 
Sov Salinity. Six of the 7 continuous croppers (657) 


strongly agreed with this statement. 


Soil Erosion and Nitrogen Leaching 

Four of the 7 Group 1 respondents (57%), and all of 
the Group 2 and Group 3 respondents agreed that 
sSummerfallowing should be discouraged because it 
contributes to severe wind and water erosion coupled 


with nitrogen leaching. 


Concerns about Continuous Cropping 


Soil Moisture 

Three of the 7 respondents in Group 1 (42%) and 3 
ef the 8 respondents in Group 2 (37%) disagreed or 
strongly disagreed with the statement that soil moisture 
is not such a critical problem in continuous cropping as 
igs the general belief. Six of the 15 respondents in 
Groups 1 and 2 had no strong opinion on this statement. 
Four of the 7 continuous croppers however, strongly 


agreed with this statement. 
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Returns To Investment 

All of the continuous croppers interviewed agreed 
or strongly agreed that on a long term average, 
continuous cropping gives higher returns per acre 
compared to other cropping programs that included more 
fallow. Only 28% of those ‘in Group 2 and 1 ‘of «ther7 


respondents in Group 1 (14%) agreed that this was so. 


Capital Investment On Machinery 

Three of the 7 respondents in Group 1 (42%) and 5 
of the 8 respondents in Group 2 (62%) felt that 
producers who continuously crop their land require more 
capital investment on machinery. Two of the 7 continuous 
croppers strongly agreed with this statement, while 2 
others strongly disagreed. Three of the 7 had no strong 


opinions. 


Use of Land Base 
All of the non-continuous croppers and 85% of the 
continuous croppers agreed or strongly agreed that 


continuous cropping makes better use of the land base. 


Stubble Yields 

More than 65% Of the Continuous eroppers agreed or 
strongly agreed that stubble yields were high enough to 
outweigh increased herbicide and other costs, resulting 
in higher net farm incomes as compared to 
summerfallowing. However, only 14% of those in Group 1 


and 25% of those in Group 2 felt that this was so. 
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Seeding Equipment 

Pour sof othe 7 “continuousecroppers (57%) agreedeor 
strongly agreed that at the present time, seeding 
equipment for seeding on stubble was inadequate and 
could be vastly improved. However, 6 of the 8 
respondents in Group 2°(75%) and @3 of the 7 respondents 
in Group 1 (42%) disagreed or strongly disagreed with 


this statement. 


Increased Attention to Detail 

SEeVeNnLy ONE percent Of #GE0up |) Larniens wana Od, on 
the Group 2 farmers seemed to feel that continuous 
cropping does require increased attention to detail eg. 
timing of herbicide application, and 85% of the 


continuous croppers agreed that this was so. 


Labour and Machinery 

There were conflicting opinions among the 
non-continuous croppers about whether summerfallowing 
allowS a producer to better planvuse of his Labour and 
machinery. Four of» the 7 respondents in Group)? did inot 
agreevthat this Waseihe Casetwhite  ovotethe 8 
respondents in Group 2 agreed or strongly agreed. 
Similarly, the continuous croppers were also divided in 
their opinions. Three of them strongly disagreed while 2 


strongly agreed and the remaining 2 had no strong 


opinion. 
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Peasibility?of .Continucus®eroppoing 

All sample farmers, regardless of grouping agreed 
that improvements in blended fertilizers and the 
practice of banding fertilizer have made continuous 
cropping more economically feasible today than 10 years 
ago. Fully 50% of all respondents also felt that new 
snow management techniques have increased this 
feasibility. More than 90% of all respondents felt that 
technological improvements in the area of herbicides are 


encouraging farmers towards continuous cropping. 


Adjustments in Summerfallow Acreage 

Sample farmers were asked to indicate the extent to 
which their summerfallow acreage would change in response to 
changes in various physical, economic and policy variables. 
The results are presented in Appendix III. 

Two of the 7 respondents in Group 1 and 6 of the 8 
Eespondents in Group 2>indicatced thats they would greduce 
summerfallow acreage if there was adequate spring moisture. 
Reductions in acreage would range between 10 and 20 percent 
in all cases except 1 where the reduction would be greater 
Ehanmee see lnwaedry spring 2 of the 7 respondents» in Groupe 
and 5 of the respondents in Group 2 would increase 
summerfallow acreage by between 10 and 20%. Only 1 of the 7 
continuous croppers indicated he would do the same. 

If herbicides increase in price by 50%, the majority of 


producers in all groups would not adjust their summerfallow 
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acreage. Similarly, an increase in price of fertilizers by 
50% would not affect the summerfallow acreage of the 
majority of producers in all groups. Two of the respondents 
in Group 2 and 3 of the 8 respondents in Group 3 would 
reduce summerfallow acreage in response to a 50% increase in 
fuel prices. 

Only 1 of the 22 respondents would reduce summerfallow 
acreage by between 10 and 20% in response to a 50% increase 
in land prices. A 50% increase in grain and oilseed price 
would cause 16 of the 22 respondents to decrease 
Summerfallow acreage. None of the respondents in all three 
groups would make any adjustment to summerfallow acreage in 
response to a 50% increase in interest rates. Similarly, the 
majority of respondents indicated they would not make any 
adjustment to summerfallow acreage in response to a 50% 
increase in farm machinery prices. 

ff no G@rainuquotas existed, 9Pot tne lo veespondents ain 
Groups 1 and 2 would decrease summerfallow acreage. 3 of the 
9 respondents would decrease summerfallow acreage by between 


10 and 20% and the remaining 6 by greater than 20%. 


E. Summary Observations 

Although no statistical testing of the responses was 
done, it is possible to make summary observations about 
them. The survey suggests that in the study area, moisture 
conservation, weed control and income stability stand out as 


the most important reasons for including summerfallow in the 
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cropping program. All of the continuous croppers feel that 
summerfallowing should be discouraged due to its negative 
effects and surprisingly, the majority of those respondents 
in the non-continuous cropping category also feel the same 
way. The survey also reveals that there is a trend towards 
less summerfallow in the study area. However, the majority 
of the non-continuous croppers are not yet convinced that 
Stubble yields are sufficiently high or reliable to make 
continuous cropping a better paying proposition. 
Furthermore, the perception that continuous cropping 
requires greater investment in machinery, requires greater 
attention to detail and is still plagued with physical 
problems such as seeding on stubble with inadequate 
machinery are all reasons that deter non-continuous croppers 
from practicing more intensive cropping. 

The survey also suggests that a good number of farmers 
seem to be making decisions on a short term or year to year 
basis with substantial adjustments to summerfallow acreage 
based on spring soil moisture conditions and marketability 
GLMerops. Thema }OLity Of “prodicersewould react evovincreaced 
grain and oilseed prices and the absence of grain quota 
restrictions by reducing their esummertal low acreage 
substantially. 

Input price increases however, do not seem to impact on 
summerfallow acreage to any significant degree. Low grain 
prices and uncertainty of markets for their crops were 


repeatedly mentioned by non-continuous croppers as two 


et | ay : oy ne 


sads ‘feat ainigges events oda tis « snes 
evil depen ath of abe eer arcali 
cinntinoape GRRE Be YIirec as ess “ateciaaie baw | 
pond sie Sent cokes grogers: eotqgetal cise maha 
thiawse Geeta el eri) soit algeent antes gree aut. 


eaf)tn) ah che .2RUeeGs .ca-2 rouge ed2 Ai vottesronsan All sf 
ic Soemmb4es 407 Jos s 20 eco eR yeEntsnes- Ten sail io: a) 


due af widiiteys Oe deta visnsbodiiie stea-shisilt © " 
ory, 

neisicvesss eaiyoq seteed Godage avowed 
SCRAGIENS eUNgIs, om Sal? ROPSGSRIDG Gh? , SIGNER we 
reveéig 49alife yaa at es 2hemgeeha! sc e7antO. £03 
lesversn fate Gerye:c ii ite @6) Bho 644580 92 noege - 
4¢.i¥ sida te SB gnebeen Ov Uaimi) OF 
S76GHO >) Cue Nd *nePS As com Sai) @aetses Lie ote Ysse 
One tpeIs aveRnein stom gia itaeeg? 
SS. "eee } Gi : Ses 2 $4 hy ee | OG . + > ¢ a7 a4 tsGgort Vac © vs" Ie st? 

, J 
$668 17 Deny, 2 cies “win 2 79 O@nesejooh pisaae sx! of. ioe 
- ee A 
epieisn Vol Soi fodqow 04 tinsetes§he ie) Iaasegue nuie iam 
(fhialed apa See coolsibec> susteioen Dice paige nt 
Sevaetshi OF bhi blow atpovbosg Fe tatrot ee aet ne | 
éieup alenp == ootneds vfs Las wasting bonne, Be Bae mi 
adiascen VoL Lal iccer.c hed, gadaubes:  eneis 
| ne es a 

Lied te)- 

oT pe 


important reasons detering them from more intensive 
cropping. On the other hand, there was general consensus 
among this group that technological improvements in 
herbicides, fertilizers and moisture conservation techniques 
have in recent years, increased the economic feasibility of 


@onbinuous cropping. 


F. Case Farm Simulation 

In a step by step procedure, the economic consequences 
at the farm level, of changing cropping programs and the key 
economic variables associated with them were investigated by 
Simulating the case farm over the ten year period 1982 to 
Tose 

In the first experiment, (base situation), output 
prices were held constant at the mean while yields were 
allowed to be stochastic. The ten year mean prices (1972-81) 
for spring wheat, barley and rapeseed were $3.84/bu, 
$2.17/bu and $4.96/bu respectively. The mean expected ending 
equities and variances for each of the 12 strategies 
investigated were determined and are shown in Table 5.19. 
Miemi2 strategies were then represented in Expected Incenes 
Variance (E-V) space as shown in Fig. 5.3. 

By stochastic dominance concepts described in Chapter 
2, the dominant strategies are S3;, Ss, Se and Sg. Ss has a 
higher expected equity and lower variance than S; Sg» and 
Cees imi lar lye esse oe ald taeuCleally dominate all other 


Strategies lying to their north-west. S3; represents a 
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TABLES DS. bg 


Expected Ending Equities and Standard Deviations 
Prices Constant at the Mean and Yields Stochastic 


Strategy Mean Equity GeV Ge) Standard 

($) Deviation ($) 
Sia 17483252 0.4 6,556 
Sie 1,458,269 Oie5 Shy (Asie 
Sas 1,498,438 0.4 6,209 
Ss 4 Leo 258 0.4 65:6 1s 
SiS aS 2 aio 0.4 6,042 
SG 175007674 0.4 Gyo 5 
Sy ots 1,478,446 Cry, 107802 
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Figure 5.3 


Expected Ending Equities and Standard Deviations 
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1/2-1/2 cropping program with no custom hire and machinery 
selling policy atei3%) remainingeuseruls l1fen<S: represents a 
tesa27 3S crepoing program with no custom hire and machinery 
selling policy at 67% remaining useful Life. S, depices a 
1/3-2/3 cropping program with no custom hire and machinery 
seliingepolicy at 13% remainiuncqmsusesuls). te, swhaters. 
FEepresents a Continuous Cropping, operation, With no custom 
hire and machinery selling policy set at 13% remaining 
useful life. 

If the farmer moves from a 1/2-1/2 cropping program 
(S3/to a 173-273 (S;) cropping program, his expected equity 
increases by $2,236 (less than 0.2%), over the ten year 
period while the risk, as measured by the standard deviation 
of the mean expected equity, increases by $286 (4.5%). 
Moving from a 1/2-1/2 cropping program to a continuous 
cropping operation (S,) increases his expected equity by 
$15,053 (1%), while the risk associated with this move 
increases by $3,401 (54%). These results are shown in Table 
Bete es 

When output prices and yields are both stochastic, for 
the ten year period, the dominant strategies are $3, S_— and 
Saem@hese results ace illustrated sine Table oni) vancechown 
Graphically in Fig, 5.4. Moving from-a W212 ICLOUping 
PLOogrem to a 1/3=2/3 cropping program results anvan increase 
in expected equity of $9,289 (0.6%), while risk increases by 
4-604 (25.6%). Similarly, moving from a 1/2-1/2 cropping 


program to a continuous cropping operation results in an 
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TABLE 5.20 


A Comparison of Dominant Strategies 
Prices Constant, Yields Stochastic 
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TABLE 5.21 


Expected Ending Equities and Standard Deviations Prices and 
Yields Stochastic 


Strategy Mean Equity Sei aS Standard 

C$) Deviation ($) 
Saul Lye Oo ire 17,956 
Si 2 17,453,297 eee 187070 
Ses 1,493,344 i ee T7256 
S 4 1749S Se ee) Leip Oue 
Sec5 1,454,103 185 22,476 
S26 1 pOUZE6 Ss es) 22,559 
Sar 174557218 yee) aR 2 oo 
Sec 1,453,602 MAG) 29 600 
Seed i SZ0yies Pee) 29,694 
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increase in expected equity of $26,824 (1.79%), with an 
increase in risk of $11,236 (65%).(Table 5.22) These results 
are consistent with what was expected, where continuous 
cropping is associated with higher payoff and higher risk. 
However, the difference in expected equities between the 
three different strategies appears to be small relative to 
the greater increase in risk that needs to be assumed, in a 
continuous cropping operation. 

A comparison of expected equities for the dominant 
strategies for the two situations when prices are held 
constant and prices are stochastic, indicates that there are 
very small differences in equity. However, keeping prices 
constant causes a substantial reduction in variance, as 
compared to the situation when prices are stochastic. This 
Suggests that uncertainty of prices 1S a more important 
factor than yield uncertainty contributing to the overall 
problem of unstable incomes. 

The standard deviation of mean expected equities 
provides an indication of the amount of income variability 
associated with each cropping program. As expected, the 
standard deviations of mean expected equities decreased as 
the proportion of summerfallw in the rotation increased. 

An evaluation of the three different strategies, S3, S¢5 
and S$, based on confidence intervals, is possible by 
invoking the Central Limit Theorem that proves that all 
probability distributions converge to a normal distribution. 


Probability statements about attaining specified levels of 
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TABLES 5: 22 


A Comparison of Dominant Strategies 
Prices and Yields Stochastic 
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Strategy Increase in Increase in Risk 


Expected Equity 
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actual equity for a given level of expected equity are 
Calculated and Shown in) Tablew5. 23.) Tne Same resules are 
portrayed graphically in Fig. 5.5 These values have been 
calculated for the situation when prices and yields are both 
Stochastic. Thus, as an example, forva 1/2-1/2 cropping 
program, with a mean expected equity of $1,493,344, there is 
a 20% chance that the actual equity will be $1,478,259, a 
ditrerence ‘62 $15,085. Similarly, for a continuous cropping 
program with a mean expected equity of $1,520,168, there is 
a 20% chance that the actual equity obtained will be 


$1,495,225, a difference of $24,943. 


Farm Income Statement and Balance Sheet 

The dryland crop simulation model provides an annual 
breakdown of crop revenues and expenses, with a partial 
financial statement for the particular year. Since the 
presentation of financial statements by the model is 
cumbersome, net farm income statements and balance sheets, 
for the three dominant strategies were derived from the 
volumes of information generated by the computer. They are 
presented in Tables 5.24 through to Tables 5.29. These 
financial summaries were derived for the situation when 
prices and yields are both stochastic in the simulation. 

The farm income statements show the relative 
profitability of each type of cropping program and the 
relative stability of incomes for the ten year simulation 


period. The year to year fluctuations in incomes for all 
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Figure 925 
Evaluation of Strategies Based on Confidence Intervals 
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Givee CrLOppINgGg programs 16 pronounced, although the 
continuous cropping program shows greater fluctuations in 
incomes than the other two strategies. 

Fig. 5.6 illustrates the paths of total net incomes 
obtained for the three different dominant strategies over 
the ten year simulation period. The pronounced year to year 
fluctuations in total net incomes for all three cropping 
programs are attributed to actual price and yield 
Fluctuations which occured during the last ten year period. 

The model does not permit the reinvestment of cash 
reserves in the business and hence the reason for the large 
cash balances. Interest earned at 7% p.a. on cash balances 
is shown as other receipts in the balance sheet. At the end 
of the ten year period, the ending equity for the continuous 
GCrepping Operation is highest and that for the 172-172 
cropping strategy the lowest, although by a relatively 
Marginal amount, Considering the greauly wreducedyyecarly 


variation. 


Fertilizer and Herbicide Costs 

All input cost coefficients tor the 1/2-172 cropping 
program were obtained from the case farmer and were actual 
costs incurred in 1981. For the 1/3-2/3 and continuous 
cropping operations, input cost coefficients were estimated 
from data obtained in the farm Survey. 

Average fertilizer and herbicide costs per acre for the 


three strategies S3, Ss and Ss are shown in Table 5.30. 
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TABLE 5.30 


Average Fertilizer and Herbicide Costs per Crop Area for 
Dominant Strategies ($/crop acre) 


So 


Strategy 
$3 S6 S93 
Fertilizers 14.4 Ae 1975 
Herbicides Os 2 14.8 16.3 


Kentrlizer COStS per iCrODpeacte Om iNew 3-27 croDDI ng 
system and continuous cropping system averaged 18% and 35% 
higher than for the 1/2-1/2 cropping system. Similarly, 
herbicide costs for the same rotations averaged 60% and 77% 
higher than for the 1/2-1/2 cropping system. These results 
are consistent with the expectation that increased 
fertilizer and herbicide requirements are associated with 


more intensive cropping systems. 


Labour Requirements 


The total labour and the seasonality of labour 
requirements varied considerably with the type of cropping 


program practiced. 


Table 5.31 shows the average labour requirements, both 


permanent and hired for the three dominant strategies. 
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TABLE 5.31 


Average Labour Requirements for Dominant Strategies 


SS a a 


strategy 
SS 56 S93 
Labour (hrs.) 996 1096 1340 
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Labour requirements refer only to the hours of machinery use 
and does not include management time or any other labour 
associated with operating the farm unit. This may vary for 
the Guirerent strategies, but 15 noe considered to be a big 
Pac bot. 

Labour requirements for the 1/3-2/3 and continuous 
cropping systems averaged 10% and 34% greater respectively 
thane tor the 1/2-1/2 cropping program. The continuous 
cropping rotation required about 345 more hours of machinery 
timerthan the 1/2-1/2 rotation. Moreover, labour 
requirements appear to be more uniformly distributed 
throughout the year for the 1/2-1/72 and tnem/3-2y 6 "cropping 
programs than the continuous cropping programm hig. 5,7). 
Labour requirements for the continuous cropping operation 
are concentrated during seeding and harvest periods and 
consequently required significant increases in labour during 
the spring and fall periods. All the hired labour was used 


during these two periods. 


Machinery Requirements 

Substantial differences in machinery requirements were 
observed between the three strategies. Over the ten year 
period of simulation, with the restrictions imposed on 
machinery purchasing and selling policies as described 
earlier, the 1/2-1/2 cropping program required the purchase 
6fma mew 28 foot cultivator, with allvother machinery Listed 


in the beginning inventory being sufficient to operate the 
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farm over this period. For the 1/3-2/3 cropping system, the 
case farm required the additional purchase of a new 28 foot 
discer, a mew 28 foot cultivator and a new 48 foot 
rodweeder. 

The continuous cropping operation would require the 
purchase of all the above machinery and a new 18 foot P.T.O. 
Swather. No new tractors were purchased for the continuous 
GLOpping Operation Since the casestarm Starts Off inta 
Situation where there is sufficient horsepower to complete 
all field operations on time for all three strategies. This 
suggests that the case farmer with his existing 1/2-1/2 


cropping system has excess horsepower on the farm. 


Price Sensitivity Analysis 

A series of experiments were conducted to determine how 
the mean expected equities and associated variances of the 
three dominant strategies S3;, Ss and Ss would change with 
increases in output prices. Accordingly, output prices were 
allowed to increase from 10% to 50% above the mean price, 
with yields remaining stochastic. The expected equities and 
Standard deviations are shown in Table 5.32 and illustrated 
in E-V space as in Fig. 5.8. 

The results indicate that at higher grain prices, 
continuous cropping becomes more attractive. For example, 
when grain prices are 50% higher than the mean, moving from 
2 1/2-1/2 to a continuous cropping operation for the ten 


years, results in an increase in expected equity of $103,611 
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TABLE 5.3.2 


Means and Standard Deviations of Expected Ending Equities 
with Increasing Output Prices and Variable Yields 


Scenario Strategy Mean Equity Standard 
Deviation($) 


S3 1,498,438 6289 
Constant Average Price S6 1500; 6 74 6575 
S93 joa oe oe 9690 
Sis le sO2 23.9.1 5o57, 
10% Higher Prices S6 1507523 6310 
S9 1,595,483 S255 
Sis 17. 625,948 Soo 
20% Higher Prices S6 1,633,984 6226 
S9 Mea MOS 9037 
$3 12607, 965 5019 
30% Higher Prices S6 1,699,034 6293 
so AI Sers HI 8793 
$3 72 on4e4 4825 
40% Higher Prices S6 1 oe Oi 6162 
S9 eo S620 0S 8525 
Se (OO 226 4561 
50% Higher Prices S6 Viney ee Sie 
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(5.7%), with an associated increase in risk of $4,140 
(90.8%). The relatively small value of the coefficient of 
variation associated with a continuous cropping operation at 
90% higher grain prices (0.45%) indicates however that in 
absolute) terms, there: issonly agmarginal Ancrease an risk. 
Piers worthinoting that 50% abovel the: base prices asea 
fairly good representation of what grain prices were during 
(964% Burthermore,Vcontinucus croppers in the study area 
claim that high grain prices coupled with high 
Stubble/fallow yield ratios (greater than 0.7) during the 
period 1979-1981 convinced them of the economic rationality 
of continuous cropping. Generally, as grain prices increase, 
continuous cropping becomes less risky and has a higher 
expected pay-off. Also, as grain prices increase, the 
expected equities for S3; and S, also increase, while the 
Standard deviations Gecrease or remain about the same, 
inareating that price vatiabliity 1s an eimportant 
contributer to overall risk injfarming-sfurthermore, 
increasings OUtpUL prices do not@changes the relative 
positions of the three different cropping programs, with 
continuous’ cropping remaining the riskiest of the three. 
Piva 472-1 2cropping program! is marmrained mevenrat 
higher grain prices, such as a 50% increase in output price, 
there is still a substantial gain in equity with a large 


drop in the level of risk making S3 a very "safe" cropping 


system. 
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Thus, this analysis shows that the type of cropping 
program that will be chosen even at high grain prices 
depends upon the level of risk aversion of the individual 
producer. However, even the more risk averse producer will 
be more likely to move toward continuous cropping with 


higher output prices. 


Yield Sensitivity Analysis 

Another series of experiments were conducted to 
determine whether the relative positions of the three 
dominant strategies S,, S, and S, would change, with 
increasing stubble/fallow yield ratios. ’* Accordingly, 
Stubble yields were allowed to increase from 60% of fallow 
yields to 80% of fallow yields, while output prices were 
kept constant at the mean (1972-81). The expected ending 
equities and their standard deviations are shown in Table 
eye 

Representing them in E=V Space gives avclear indication 
Of the  celative Positions Of thewdiirerent strarveqives as 
Shown ineFig. 5.2. 

When stubble yields are 60% of fallow yields, with 
output prices remaining constant at the mean, S;, appears to 
be the dominant strategy. Under these conditions, continuous 
cropping pays less and is more risky than a. S050 coperation. 


When stubble yields are 65% of fallow yields, the results 


73 Por the case farmer stubble yields were approximately 70% 
of fallow yields calculated as an average over the ten year 


pervod (972-1961. 
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Means and Standard Deviations of Expected Ending Equities 


for Increasing Stubble/Fallow Yield Ratios 


Stubble/Fallow Strategy 
Yield Ratio 


3 


Sys) 


Mean Equity 
($) 


1,499,275 
1,433,159 


Le 2995 275 


epee AC eT Als 
1,467,206 


14033035 


1,499,275 
1,500,484 


i750 1,443 


1,499,275 
1,564,932 


tiGGo, 343 


Standard 
Deviation (3) 


7,450 
8,086 
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are Similar. The break-even point at which the expected 
equities are all approximately alike with varying degrees of 
risk occurs when stubble yields are 70% of fallow yields. At 
thse point; a risk neutral?@individual would be andifferent 
between the three strategies. A risk averse individual would 
choose S3; over Ss and S, since it pays the same with less 
risk. A risk prefering individual however, would prefer S, 
over S3; and S,. When stubble yields are 80% of fallow 
yields, continuous cropping (S,) becomes more attractive. At 
this point, continuous cropping will give an increase in 
expected equity of $186,269 over a 50-50 program and is 
associated withea small (4876864) inerease ime risk.» Which 
program is chosen will again depend upon the level of risk 


aversion of the individual producer. 
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VI. SUMMARY AND CONCLUSIONS 

This study has attempted to address the problem of 
identifying the relative profitability of different cropping 
Systems and the related risks, im the Dark Brown Soil Zone 
of Alberta. The objective was to determine whether it is 
technologically and economically feasible to reduce fallow 
acreages and thereby increase net farm incomes and overall 
agricultural production. The impact of changing key economic 
variables and the resulting economic outcomes at the farm 
level are examined using simulation methodology. 

The study has focused primarily on the evaluation of 
different management strategies, over a period of time using 
mean equity values and related variances as the criteria for 
ranking of these strategies. 

This chapter will summarize findings of the study and 
Giscuss their implications. Furthermore, limitations of the 


Study are pointed out, and suggestions are made for further 


research. 


A. General Summary 


The general objectives of ‘this study were to examine 
the economic consequences at the farm level, of increasing 
or decreasing summerfallow acreages in the Dark Brown soil 
zone of Alberta, and to identify the main factors affecting 


the farm operator's decisions on selection of cropping 


systems. 
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The study has relied heavily upon stochastic dominance 
concepts to identify the relative positions of different 
cropping systems. These theoretical considerations are dealt 
wWieheiny Chapter 2,°A briefereviewaoferelevant iaterature 
follows in Chapter 3, focussing mainly on the technological 
developments that have a bearing on relative profitability 
of different cropping programs. Several economic studies 
related to the problem are also outlined and discussed. 

Chapter 4 discusses data requirements and data sources 
EOr thes study. [It alsovineludes*®acdiscussion of the 
methodology used and a detailed account of the simulation 
model which was employed as a central analytical tool in the 
study. 

The results obtained from the analysis of crop yields, 
the farm survey, and case farm Simulation are presented and 
discussed in Chapter 5. The analysis of long term crop 
yields provides some indication of the relationship between 
Stubble and fallow crop yields im the study apnea tor the 
Pervocvnio72-1998 14" The eftectseot esoilecharacterisricseand 
management strategies on crop yields are also analyzed and 
provide an indication of the relatavesimportancevoi these 
factors in the overall consideration of cropping program 
selection. The farm survey waS an indicator of the general 
characteristics of producers following diverse crop 
management strategies. Although requiring more quantitative 
analysis, it proved useful in identifying the differences in 


key economic parameters and puoductlOn coerricients 
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associated with the different cropping programs. The survey 
also enabled the careful selection of a case farm, which was 
Subsequently simulated over a ten year period. Evaluation of 
different management strategies was accomplished Using -E-Vi 
analysis techniques outlined in Chapter 2. Chapter 5 
contains the details of the analysis procedures and the 


results obtained, 


B. Analysis of Crop Yields 
The results of the crop*yield analysis “indicates that: 

1. There are yield differences between agro-cliomatic 
zones, ClI classes and subclasses and these therefore 
should be important considerations in the selection of 
cropping programs at the farm level. 

2. Stubble crop yields in the study area have been 
exceptionally high during the period 1972-1981, compared 
to provincial averages and could be one reason for the 
growing popularity of more intensive cropping systems. 
However, the greater variability of stubble crop yields, 
with a tendency to be exceptionally poor in low moisture 
years, is clearly evident and becomes an important 
consideration of producers wishing to crop more 
intensively. 

3. The effect of higher yields resulting from addition of 
fertilizer is clearly evident, although the data did not 
permit the analysis of crop yield correlations with 


amount of fertilizer added. 
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C. Reasons for Summerfallow 

The farm survey revealed the diversity of farmers in 
the study area with respect to stubble and fallow crop 
management practices. The survey on producers' opinions and 
belseis regarding cropping programs revealed several 
interesting insights about the decision-making process at 
the farm level. Weed control, moisture conservation and 
income stability are the primary reasons why farmers in the 
Survey sample choose to summerfallow. Although producers in 
the study area are well aware of the negative effects of 
summerfallowing, short run economic considerations appear to 
influence their decision to summerfallow. 

The majority of producers agree that technological 
improvements and high stubble crop yields in recent years 
have tended to encourage more intensive cropping but low and 
variable grain prices coupled with uncertainty of markets 
for their products remain Serious concerns. Thus, meaningful 
projections of increased agricultural production due to 
Summerfallow reduction should consider these countervailing 
forces, because inethe finalvanalysis; it iss the  tarmers whe 


decide how much to grow and how much to summerfallow. 


D. Payoff and Risk of Different Cropping Programs 

The case farm simulation provided the means to evaluate 
different management strategies and identify specific 
differences in equity positions, riskiness and resource 


requirements of these strategivesSs(Gnuall, 12 different 
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Strategies were evaluated. The general conclusion is that 
for all situations, the inclusion of custom work is an 
inferior strategy to purchasing new or used machinery when 
monesland °is*being broughtsintoe production. Also, atsthe 
farm) level, producers may findidifficulty in’ getting good 
custom operators as and when they require them. 

Continuous cropping does result in higher payoffs than 
other cropping programs but is always associated with higher 
risk. This is the case for both situations when prices and 
yields are allowed to vary and when prices are constant at 
the mean with varying yields. 

Higher output prices do make continuous cropping seem 
more attractive but again it does not dominate other 
cropping systems because it is riskier. High grain prices 
coupled with stubble/fallow yield ratios greater than 0.7 
will likely induce a substantial reduction in summerfallow 
acreages. By doing so however, a producer is still faced 
with higher risk. As the farm survey reveals, “producers will 
likely reduce summerfallow acreages by up to 20% if the 
above situation prevails. However, risk-averse producers who 
are more concerned with survivability of their operation are 
more likely to stick to a safe cropping program such as a 
1/2-1/2 operation, rather than accept the greater risk of 
more intensive cropping. 

The sensitivity analysis reveals that price risk seems 
to be a more dominant factor than yield risk, contributing 


to the overall problem of uncertainty. 
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E. Resource Requirements 

The study reveals that resource requirements and their 
timing, vary with cropping intensity. Thus, continuous 
cropping does require a greater investment in machinery than 
other cropping systems.’* In addition, machinery replacement 
policy “at the ‘farm level can affect the profitability of ‘the 
operation, regardless of the cropping intensity. Replacing 
machinery at 13% remaining useful life is a superior 
Strategy to replacing machinery at 50% or 66% remaining 
useful life. At the farm level therefore, it appears that a 
machinery replacement policy that emphasizes longer use of 
existing machinery is more prudent than frequent purchases 
or replacements. Although it wasS not possible in the 
Simulation to defer machinery purchase in low income years 
due to model constraints, it 1S evident that in a continuous 
cropping operation, machinery tends to be replaced faster 
due to greater use. 

Producers: wishing tO go intorcontmnuous cropping, can 
expect to be using more fertilizers and chemicals and thus 
ifourshigierm cOSts: per vacne . but Tasmihe analyorsrshows, 
these costs are likely to be somewhat less than twice as 
much if one is moving from a 1/2-1/2 to a continuous 
cropping program. In addition, labour requirements are 
Significantly higher for the continuous cropping operation 
as compared to the other systems. This extra labour is 


74The greater investment is due to the bigger machinery 
required for continuous cropping as revealed by the 
simulation. Furthermore, operating costs are also higher. 
Similar conclusions are drawn from the farm survey. 
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required primarily during the seeding and harvesting 
Operations. This fact would be an important consideration of 
producers in areas where the availability of skilled farm 
babour ic limiting, 

The study reveals that producers' concerns about 
stubble yields not being sufficiently high or reliable to 
make continuous cropping more profitable than less intensive 
cropping systems, is well founded. When stubble yields are 
less than 70% of fallow yields and when grain prices are 


loves enemy 2=1/2 srotacron dominate seal sOLner roetaltons. 


F. Implications for Census Division 5 

At the case farm level, moving froma 1/2-1/2 to a 
1/3-2/3 cropping program, results in a 14.8% increase in 
Crop production. “Moving from a 1/3=2/3- tora continucus 
cropping operation, results in a 22.3% increase in crop 
production, (Table 5s34e)5) Thesevave, Signiricane wncreases jin 
production due to summerfallow reduction. 

In 1981, there were 1,766,000 acres of cropped land and 
907,000 acres in summerfallow in Census Division 5. Thus, 
the average rotation in Census Division 5 was the 1/3-2/3 
rotation. Extending the case farm results to the Census 
Division suggests that, 1f farmers were to move from their 
present 1/3-2/3 cropping program to a continuous cropping 


program, this could result in a 22.3% increase in crop 


Production. 
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These are crude estimates that may not adequately 
reflect "(he timpacetot risingminnutwcosts on total 
production. However, they provide some indication of the 
iMe@neased crop production ‘Ghat may be expected with 
increaSing cropping intensity. Predicting reductions in 
summerfallow acreages resulting in increased production is a 
hazardous task due to the thousands of individual farm 


deécrvsivon makers involved. 


G. Areas For Future Research 

This study has relied heavily on the use of a computer 
Simulation model to reflect the economic outcomes at the 
farm level of different crop management strategies. Several 
suggested improvements to the model are outlined in Chapter 
4, While the effects of output price changes and yields on 
the relative profitability of different cropping programs 
have been researched in some detail, input price change 
effects have been largely ignored. The combined effect of 
input and output price changes on the economic outcomes at 
the farm level of increaSing or decreasing cropping 
intensities requires further research. Furthermore, it would 
have been preferable to use a longer yield series to 
generate a series of random yields, but lack of data at the 
Case farm level, prior to 1972, precluded this possibility. 

Technological improvements such as snow management 
techniques, although discussed in the study, have not been 


adequately simulated due to model limitations. In actuality, 
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a continuous cropper would probably be using a combination 
of methods to improve his stubble yields. Further research 
1s required on the direct impact of such new technology on 
Gropeyielas. 

Institutional factors such as changes in grain quota 
policies and government programs, and their effects on 
cropping intensities, have not been given much prominence in 
this study. Indeed, if farmers are sensitive and responsive 
to such factors, they may well be induced to substantially 
alter their cropping practices and again this aspect 


requires further research. 
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APPENDIX I: QUESTIONNAIRE 


THE ECONOMICS OF CONTINUOUS CROPPING IN THE DARK BROWN SOIL ZONE OF ALBERTA 


eer Name moran) Deysacte Ole? ce pede Seat ee ere staircase: cee een ee te 2. Age 


3. Land Location (home Quarter) 


4. Mailing Address 


5. - FARM CASH SALES 1981 ($) 


Crops Beef Hogs Other Total 


6. How much land did you farm in 1981? 


Rented 
Type Acres Owned Crop Share Cash Rent Total 


Cereal Crops 
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What labour was spent on cropiand in 1981 to the nearest workday? 
pss = fone tain 7 
Person | Age | Sex j; JiF MIA Mid JJ IA |S {0 IN ID | Total | 
\ | | hat et i 
Operator | | | | | | | | 
| | | \ | | | 
Spouse | | | | | | 
Children | | | be doe Hg | | 
| i | | | 
| | | | | | 
| | | | | 
| | | 
' | | | r i ! | i | 
| | | 
I | | | | | | i 
“Hired _ || | | 
rt | | a ee 
| | | | | | 
' | { 
| | 
a 
Casual | | 
t 4 
| lotal Ie 4 | | ae. 
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Cost (Hired Labor) = 


Cost (Casual Labor) = 


Custom Work Hired/Done for Others in 1981 


Operation 


Hired 


| Cost 


|_ Acres | Revenue 


Done for Others 


| 


Seeding 


Sprayina 


| Fertilizing 


Combining 


Nther 


, Other 


| Other 


Total 
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8. Machinery Availability and Use in 1981 
Year of Purchase 
Item Size Purchase Price 


n 


A. Tillage andPlantina 
Machinery 7s 


Cultivator 
Blade 
Double Disc 
Rod Weeder 
Harrow 
Packers 
Discer 

Hoe Drill 
Press Tiril] 
Air Seeder 
Grain Dryer 
Rock Picker 


Sprayer 


Fertilizer 
Applicator 


B. Harvest Machinery 
Swather PTO 
Swather SP 


Combine PTO 


Combine SP 
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Item Size 
Trailer 
Auger 


Tractors 


Buildinas 


Grain Storage 


Machinery Storaqe 


Other 


Other 


Year of 
Purchase 


Purchase 
Price 
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Please explain 


We 


Sandy 


Se 


Have there been any changes in your tillage practices 


What 1s the soil texture for your farm? 


o/ 


o/ 
79 


Sandy Loam 


Sandy Clay Loam 


of of 


Loam 


Clay Loam 


in the last 5 years? 


Clay 


How would you rate the moisture of the seedbed prior to seeding for 1981? 


Ory 


Adequate 


9 


3 
Excellent 


4 
Too Wet 


| 
| 
Stubble 


Fallow | 


Herbicide & Insecticide Expenditure In 1981 


FAL 


i] 
Kind of Herbicide/ | 
Insecticide 


Rate 
/acre 


| 
| 
| 
| 
| 


Cost 
funit 
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17. What is your usual crop planting policy? 


CH) /: eo feserODDING sno ak era ee 


(2) Sioa? 3 CCRODPANGY sew mmeensce case 


(S)ct/ 4-3/4 cropping ssicacenoeeosor cee: 


(4) sContinuows*Croppinge.. 8.0... csecacc se 


18. On a typical field what is your cropping sequence (including fallow)? 


| 1982 


19. How strongly do you agree or disagree with the following statements regard- 


ing cropping practices? 


Statement 


1. Summerfallowing is the 
best way to conserve 

soil moisture. 

2. Summerfallowing is the 
best method of controlling 
weeds and crop pests. 

3. Soil moisture is not such 
a critical problem in 
continuous cropping as is 

the general belief. 

4. On the average, continuous 
cropping gives higher 

returns per acre compared 


to summerfal lowing. 


Strongly 
Disagree 
5 
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STRONGLY 
5. Producers who continuously REREL Diesen ey 


crop their land require 1 9 3 4 5 
more capital investment on 


machinery. 


6. An important reason to 
summerfallow is tradition 


7. Summerfallowing reduces 
Operating costs 


8. By summerfallowing, a 
producer achieves qreater ] 2 3 4 5 
income stability. 


9.Continuous cropping makes 
better use of the land ] 2 3 4 5 
base 
10. Yields on stubble are 
sufficient to outweigh 
the cost of increased ] 2 3 4 5 
herbicides, etc. to 
give higher net farm 
incomes. 


11. Summerfallow is bad 
because it increases ] 2 3 4 5 
soil salinity. 


12. Summerfallowing should be 
discouraged because it 
contributes to severe 1 9 3 4 5 
wind and water erosion 
coupled with nitrogen 


leaching 
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. Seeding equipment for seed- 


ing on stubble is inadequate 


. Continuous cropping requires 


increased attention to 
detail eg, timing of 
herbicide application 


New snow management 
techniques make continuous 
cropping feasible 


16.Improvements in blended 


We 


fertilizers and the 
practice of banding make 
continuous cropping 


more feasible 


Improved herbicides 
on the market today 
encourage farmers to- 


wards continuous croppina 


. Summerfallowing allows 


a producer to better 
plan use of labor 


and machinery 


STRONGLY 
AGREE 


] 
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20. 


If the following conditions prevail in a given year my summerfallow acreage 


would: 


Adequate spring moisture 


Dry spring 


Price of herbicides goes 
up 50% 


Fuel prices go up 50% 


Price of fertilizers 
go up 50% 


Land prices go up 50% 


Grain and oilseed prices 
go up 50% 


Interest rates go up 50% 


No acerage quotas exist 


. Prices of farm machinery 


go up 50% 


decrease decrease 


not increase increase 
change >10% >20% 
3 4 5 

3 4 5 

3 4 5 

3 4 5 

3 4 5 

3 4 5 

3 4 5 

3 4 5 

3 4 5 

3 4 5 

3 4 5 
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APPENDIX II: SCHEMATIC DIAGRAM OF SIMULATION 


INUahzE OLOgram 
Reaco pase data biock 

Reac contro! data block 

Exciude inappicaple alternatives and adjust coefficients in Dase Gata block 
based on information from contro! data block 


BWA — 


ound 
“Best Plan? 
Weather Pattern & 
Proouct Price 
Loop 


no 


Selection 
Loop 


Yes 


Generate random weatner pattern and produci prices 


! Y Zero Oul working areas Of arrays 


Time 
Horizon 
Loop 


Caiculate eo eete inventory and store output in Tabie ! 

Make selections from alternatives open to form production plan 
Generate precipitation information 

Caicuiste spring moisture and residual soil nutrient levels for stubble and 
| fallow land . 

Calculate potential yield for the crops being- produced 


Extend Loop for 
Optimization Mode 


| Calculate andor adjust land base for optimization mode : 
Set up acreages for each class of land according to the rotation selected 
@ acrgages of each crop beng produced 


jobs according to management strategies selected to carry owl the 


| ! Budget production pian. calculate resource requirements expenses recewts 


Se! up loans for resources purchased 
Calculate ending inventory and store in output Tadie |! 
Caiculate income tax 


WN 


ts Pian 
Consistent with 
Constraints? - 
Optimization 
Mode Only 


Yes 


Store relevant information 
Reduce inventory b 


IN output tables 


removing Mems that were soid 


Print various output tables for year depending on directions 


! Print for planning 


tables horizon 


summary 


Finished 
Setecting for 
Bes: Plan 


Yes 
a 


2 “Stabolty 
po < Analysis > 
Complete)” 
~ 7 s 
Yes 
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Sowce RP Zenther "Pranme Agncultural Farm Simulators (PAFS) Swift Current 
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Appendix III: Participants Responses to Opinion-Related 
Statements 


Those With Those With Those With 
Less Than 67% to 89% Over 90% 


67% Cropped Cropped 
Cropped 
Number of Farms 7 8 #; 
Statement 
1. Summerfallowing is the 
best way to conserve 
SOil moisture. 
Rating: 5 Strongly Disagree 0 1 Si 
4 Disagree 1 2 4 
3 No strong opinion 2 2 0 
2 Agree S 3 0 
1 Strongly agree 1 0 0 
0 No response 
Mean Rating: PRE PRS ee So 4.428 
2. Summerfallowing is the 
best method of 
controlling weeds and 
CHrOp pests. 
Rating: 5 Strongly Disagree 0 0 2 
4 Disagree Z 1 5 
3 Nowestrongqmopini on 2 4 ) 
2 Agree 6 | 0 
1 Strongly agree 1 0 0 
Mean Rating: Liowk ie 2.15 4.286 
gem SOLlemotsture 1s not 
such a critical problem 
in continuous cropping 
as is the general 
belief. 
Ratings oe cunonglye Disagree 2 2 0 
4 Disagree 1 1 0 
SB NOmStrong opinion f 4 3 
2 Agree 2 1 0 
ImStrongly agree 0 0 = 
Mean Rating: 36429 Sue Teo.57, 
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4. On the average, 
continuous cropping 


gives 


higher returns 


per acre compared to 
Summer fallowing. 


Rating: 


5 
4 
3 
2 
1 


Strongly Disagree 
Disagree 

No strong opinion 
Agree 

Strongly agree 


Mean Rating: 


9. Producers who 
continuously crop their 
land require more 
Capital investment on 
machinery. 


Rating: 


5 
~ 
3 
Z 
1 
0 


Strongly Disagree 
Disagree 

NO VStrong opinion 
Agree 

Strongly agree 

No response 


Mean Rating: 


6. An important reason to 
summerfallow is 
Eradilt1on. 


Rating: 


5 
= 
3 
2 
1 


Strongly Disagree 
Disagree 

No strong opinion 
Agree 

Strongly agree 


Mean Rating: 
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7. Summerfallowing reduces 
operating costs. 

Ratings so Strong by Disagree 

4 Disagree 

S NOSStreng opinion 

2 Agree 

1 Strongly agree 


Mean Rating: 


8. By summerfallowing, a 
producer achieves 
greater income 
Stabaia tyx 

Rating: 5 Strongly Disagree 

4 Disagree 

3 Noe Strong opinion 

2 Agree 

1 Strongly agree 

0 No response 


Mean Rating: 


See Contanuous cropping 
makes better use of the 
land base. 


Rating: 5 Strongly Disagree 
4 Disagree 

3 No strong opinion 
2 Agree 

1 Strongly agree 


Mean Rating: 


10. Yields on stubble are 
sufficient to outweigh 
the cost of increased 
herbicides,» etc.7;7to 
give higher net farm 


incomes. 
Ratings sor Stronguy Disagree 
4 Disagree 
3 No strong opinion 
2 Agree 
PeSerenglysagEes 


Mean Rating: 
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11. Summerfallow is bad 
because it increases 
sonl “sala nitty. 

Rating-  o"Strongly Dusagree 

4 Disagree 

3 NOo=Strong opinion 

2 Agree 

Strongly agree 


= 


Mean Rating: 


12. Summerfallowing should 
be discouraged because 
Lt Contributes £6 
severe wind and water 
erosion coupled with 
nitrogen leaching. 

Rating: 5 Strongly Disagree 

4 Disagree 

3 No strong opinion 

2 Agree 

1 Strongly agree 


Mean Rating: 


13. Seeding equipment for 
seedong on stubble is 
inadequate. 


Rating: 5 Strongly Disagree 
4 Disagree 

3 No strong opinion 
2 Agree 

1 Strongly agree 

0 No response 


Mean Rating: 


14. Continuous cropping 
requires increased 
areention to, détarl, 
Gig.) Guming sor 
herbicide application. 


Rating > strongly Disagree 
4 Disagree 
geNoeSserond -Opimion 
2 AQGree 

ieStrongily agree 
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Mean Rating: 


15. New snow management 
techniques make 
continuous cropping 
feasible. 

Rating: 5 Strongly Disagree 

4 Disagree 

3 No strong opinion 
2 Agree 

1 Strongly agree 


Mean Rating: 


exe 


Improvements in blended 
fertilizers and the 
practice of banding 
make continuous 
cropping more feasible. 


Rating: 5 Strongly Disagree 


4 Disagree 

3 No Strong opinion 
2 Agree 

1 Strongly agree 


Mean Rating: 


Whe 


Improved herbicides on 
the market today 
encourage farmers 
towards continuous 


eropping. 


Rating: 5 Strongly Disagree 


4 Disagree 

3 No strong opinion 
fa (Nobels 

1 Strongly agree 


Mean Rating: 


ine) 


eas 


OR LS) yay) OW Wo 


NO POO 


be WS Ze0 


— PN OO — 
NO —-— © OO 


Ziad 2.286 


WOodo 
Cw oe © 


(36-25 i206 


mW OO 
Sp) a) ye) 


i625 Ise GG 


| : @e204's « - i . 
ar “ya qhogowga't © 


7 


epni set cms 


teva id paoma owas «a 
bpe wpeciliaas2 
sulagaen: S60. 991 250s4g _ 
uwoutignags ofea if 
s| 4900 priqnucots ¢ 


(se03 8 


wT > 
a: 2 

veotusarto § 

| easnela ~ S io 


ie +S Bae 6 


a 
af 
ae) 
t 
Sa 
7 


Mies 
igelzek-acet Y 
wes = 


b's: é4:ead Gevesgul a 
‘ ns Sessne Shi 
1a, sSaerTvoscte \ 
{ne wipes 


: oniegors Vi, 


5 mage yigwote® 8. igaks Si 
i gutpasig & 

mtticge ¥ m739 On re : 
| lip ft 
emipa qignas: 
oP @ 260 


18. Summerfallowing allows 
a producer to better 
plan use of labour and 
machinery. 


Rating: 


S. 
: 
5 
2 
1 


Strongly Disagree 
Disagree 

No strong opinion 
Agree 

Strongly agree 


Mean Rating: 


3 0 3 
1 2 0 
1 1 Z 
1 2 0 
1 3 2 
oo Soe Ae) Se Ash s) 


If the following conditions prevail ina given year, my 
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goes up 50%. 


Rating: 


S 
4 
3 
Z 
1 
0 


Strongly Disagree 
Disagree 

No strong opinion 
Agree 

Strongly agree 

No response 


Mean Rating: 


4. Fuel prices ‘go up 50%. 
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6. Land prices go up 50%. 
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prices go up 50% 
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